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PREFACE TO THE SERIES 


In the course of nearly every program of research in organic chemistry 
the investigator finds it necessary to use several of the better-known 
synthetic reactions. To discover the optimum conditions for the appli- 
cation of even the most familiar one to a compound not previously 
subjected to the reaction often requires an extensive search of the litera- 
ture; even then a series of experiments may be necessary. When the 
results of the investigation are published, the synthesis, which may have 
required months of work, is usually described without comment. The 
background of knowledge and experience gained in the literature search 
and experimentation ia thus lost to those .who subsequently have occa- 
sion to apply the general method. The student of preparative organic 
chemistry facte similar difficulties. The textbooks and laboratory 
manuals furnish numerous examples of the application of various syn- 
theses, but only rarely do they convey an accurate conception of the 
scope and usefulness of the processes. 

For many years American o^nic chemists have discussed these 
problems. The plan of compiling critical discussions of the more impor- 
tant reactions thus was evolved. The volumes of Organic Reactions 
are collections of about twelve chapters, each devoted to a single reac- 
tion, or a definite phase of a reaction, of wide applicability. The authors 
have had experience with the processes surveyed The subjects are 
presented from the preparative viewpoint, and particular attention 
is given to limitations, interfering infiuences, effects of structure, and 
the selection of e.vperimcntal techniques. Each chapter includes sev- 
eral detailed procedures illustrating the significant modifications of 
the method. Most of these procedures haw been found satisfactory 
by the author or one of the editors, but unlike those in Organic Syn- 
theses thej* have not been subjected to careful ttsting in two or more 
laboratories. Wlicn all known examples of the reaction are not roen- 
in iVa* 'ttsV, tov to losA. ttHUTWOTiis nVfitij Wen 

prepared by or subjected to the reaction. E^•e^y effort has been made 
to include in the tables all such compounds and references; however, 
because of the veiy nature of the reactions discussed and their frequent 
use as one of the several steps of sj-nthcscs in which not all of the inter- 
mediates have been isolated, some instances may well have been missed. 
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Nevertheless, the investigator mil be able to use the tables and their 
accompanjdng bibliographies in place of mcst or all of the literature 
search so often required. 

Because of the s%'steraatic arrangement of the material in the chapters 
and the entries in the tables, users of the books rrill be able to find inlor- 
mation desired bj' reference to the table of contents of the appropriate 
chapter. In the interest of economj* the entries in the indices have been 
kept to a minimum, and, in particular, the compoimds listed in the 
tables are not repeated in the indices. 

The suecKs of this publication, rrhich vrill appear periodically in 
volumes of about twelve chapters, depends upon the cooperation of 
organic chemists and their willingness to devote time and effort to the 
preparation of the chapters. The3' have manifested their interest already' 
b5’ the almost imanimous acceptance of invitations to contribute to the 
work. The editors will welcome their continued interest and their 
suggestions for improvements in Organic Reactions. 
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IKTRODBCTIOR 

Many advances liave been made in recent years in the methods for 
the synthesis of acetylenes, and many of these compounds are now rather 
readily available in the pure state. 

Acetylene was first prepared by Davy,^ who treated potassium 
acetylide with water; prop3Tie, the first substituted acetylene, was ob- 
tained in 1861 by the action of sodium ethoxide on bromopropene - or 
of ethanolic potassiiun hydroxide on propjdene dibromide.^ At the 
present time alkynes are usually synthesized by the alkylation of sodium 
acetylide or substituted metallic acetylides, often in liquid ammonia, 


’ Davi-, Ann., 23, 144 (1S3D. 

= Sairitsch, Compt. rend., 52, 399 (1861); Ann., 119, 185 (1861). 

* Morkownikoff, BulL eoc. chim. France, 14, 90 (1861); Ann,, 118, 332 (1861). 
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and 1-alkj-nes are also obtained in good jdeld by debj-drohalogenatioa 
of suitable halides wth sodium amide or in certain cases by ethanolic 
alkali. 

The present discussion •nill be limited to methods for the creation of a 
carbon-carbon triple bond and to the alhj'Iation of metallic acetylides. 
No attempt ■null be made to deal with the multitude of processes in 
■which sodium or other metallic derivatives of acetylenes or acetylene- 
magnesium bromide react vrith carbonyl compounds with the formation 
of products containing triple bonds. Neither will the closelj’ related 
basc"<;atalyzed eondensationsofacetj'Ieneormonosubstitufedacetylcnes 
nuth ketones to produce carbinols, the formation of diacetylenes by 
oxidation of metallic acetydides, or the replacement of the acetylenic 
hydrogen bj’ Iialogen by the action of hypobalite be discussed. 

THE SYNTHESIS OF ACETYLENES BY DEHYDROHALOGENATION 

Dehydrotalogenation produces acetyfenic compounds from diehio 
rides or dibromides of olefins, diloro- or bromo-olefins, and the mono- or 
di-chJoro compounds prepared from aldehydes or ketones. Potassium 
hydroxide and sodium amide are employed most commonly to effect the 
reaction, although sodium hydroxide, alkali metal alkoxides, alkaline- 
earth carbonates or bydra^ddes, and amines have found occasional use. 
Alcoholic potassium hydro.xide is now seldom employed in the aliphatic 
series because of the tendency of the triple bond to migrate away from 
the end of the chain under its influence, but aromatic acetylenes are 
still prepared con’i'eniently by its use, often in higher yield than with 
sodium amide. Sodium amide causes (he rearrangement of the triple 
bond to the l-position because the insoluble sodium alkynide is formed; 
excellent yields of 1-alkynes are realized using this reagent. Aliphatic 
a.jS-acetylenic acids can seldom be prepared by dehydrohalogeuation 
because alkoxy acids, ketones, or polyineis are the principal products. 
Mild conditions must be employed with arylpropiolic acids to avoid 
decarbccQ'Iation. 

Potasrium Hydroxide 

Alcoholic, usually ethanolic, potesstum hydroxide has been the most 
widely used reagent for the synthesis of acetylenes, but no critical study 
of optimum conditions for the reaction has been made. Bromides react 
more readily than chlorides, and the fonnation of a bromoethylene from 
a dibromide occurs more easily than the preparation of an acetylene 
from the bromoethylene, so that it is scanetimes advantageous with 
sensitive dibromides to remove the first molecule of hydrogen bromide 
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in the cold -srith dilute cthnnoHc alknli or other bases. With aliphatic 
compounds it is sometimes necessara' to use scaled tubes or autoclavc.s 
and temperatures near 170°, but extended reflu-xing i.s usually .stifTicicnt 
•ft-ith aind ehloro- or bromo-cthylencs. Tlie reaction is more rapid at 
high concentrations of alkali, and excess alkali i.s usualK* cmploj’cd. 
Ethanolic potassium liydroxide sriturated at room temperature is about 
dW (around 20%), but solutions of more than tiviee thi.s strength can 
be prepared bj’ saturation at the boiling point. Some workers ‘ .specify 
equal weights of ethanol and alkali, and recent directions for tolan 
call for 90 g. of potassium hydroxide in 150 ml. of ethanol, but in 
most reports the concentration is not given. Powdered pota.s.sium 
hydro.xide moistened with ethanol is satisfactory' for the prepara- 
tion of tcrt-butylacetylcne from the halides derived from pinacolone.® 
"With some compounds high concentrations give decreased yields, as 
illustrated by the dchydrohalogcnation of the acetal of 2,3-dibromo- 
propanal to propargyl acetal." Ordinary 95% etlianol is often 
satisfactory although absolute ethanol is sometimes specified. Water 
is always present since it is a product of the reaction and since com- 
mercially available potassium hydroxide contains about 86% alkali 
along ivith some potassium carbonate and considerable water. The 
reaction time varies widely. Tlius, 1-bromo-l-fuiylethylcne gives a 
maximum yield (25%) of furylacetylene on heating for three minutes 
at 100° with a slight excess of 18% ethanolic potassium hydroxide,* but 
stilbene dibromide gives tolan in good yield and free from bromo com- 
pound only after twenty-four hours’ refluxing with a 40% solution.* 
Other solvents have been used. The yield of acetyienedicarboxyiic 
acid from a,6-dibromosuccmic acid is higher with meihanolic than with 
ethanolic potassium hydroxide.® A methanol solution saturated at room 
temperature is about 6 -V. It darkens less rapidly than an ethanol solu- 
tion but has a lower boiling point. Bulyl alcohol was used by Tapley 
and Giesey “ as the solvent in the debydrohalogenation of propylene 
dibromide, and many workers have adopted this procedure for propyne. 
It has been used occasionally for other acetylenes.'®' Diethylene glycol 

' Johnson and McE-a-en, J. Am. Ch^m. Soc.. 4S, 4G9 (1926). 

® Smith and Falkof. Orff. SynVXeies. 22, 50 (1942). 

® (a) I-vitsty, BuU. toe. ckim. France, [4] 35, 357 (1924); (5) Gray and llarrel, J. Am. 
Chem. Soc., 47, 2796 (1925). 

• Grard, Ann. ctiim., llO] 13, 336 (1930). 

* Monreu, Dnfraisse, and Johnson, .4nn. ehim.. pO] 7, 14 (1927). 

•Abbott, Arnold, and Thomt»50n, Org. Symihetet, IS, 3 (193S): CoU. Vo!. 2, 10 
(1913). 

f (a) Tapley and Giesey, J. Am. Pham. Aetoe., 15, 115 (1926) ; (b) Heisig and Davis, 
A. Am. Chem. See., 57, 339 (1935); (c> Cleveland and Mnrray, A. Chem. Phye.. 11, 450 
(1943). 
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has been employed in the syntheas of propyne,“ but no record of the 
preparation of other acetylenes in this solvent has been found. Ethylene 
glycol has been used as the solvent in the synthesis of methyl propargyl 
ether.“ A 5% solution of potassium hydroxide in Cellosolve (the 
monoethyl ether of ethylene ^yed) is very effecti^'o for the dehydro- 
chlorination of pobn/inyl chloride,** and such a solution is superior to 
ethanolic alkali for converting 1-brorao-l-methyIcyclobutane to raethyl- 
cyclobutene.** Potassium hydroxide in pyndfne has been used to prepare 
^-naphthylphenylacctylene from the corresponding chiorocthylene,** for 
neither methanolic nor molten alkali is effective. Aqueous alkali is 
sometimes preferable to ethanolic for dehydrohalogenation of halo- 
genated acids,*’ as in the preparation of phenj’lacetylenephosphonic 
acid,*** 4,4'-dinitrotolan-2,2'-disulfonic acid,“' 5-bromo*2-fuiy]propioIic 
acid,**'* and several substituted phenylpropiolic acids. ***•*’• 

Dehydrohalogenation by distillation at partially reduced pressure 
from solid potassium hydroxide was first used by Krafft and Reuter ” 
to prepare higher l-alkjTies from dibromides or bromoethylenes. Rapid 
distillation at low pressures gave mainly bromoblcfins. It was claimed 
that no rearrangement occurred, although no critical study was made. 
The method has been applied successfully to the preparation of the 
sensitive acetylenic ethers from atkoxy- or arjdo.xj’-bromoethylcnes.** 
However, 1,2,3-tribrQmopropano gives 2,3-dibromopropcne but almost 
no propargyl bromide *’ by distillation from solid sodium hj’droxide or 
potassium hydroxide at atmospheric pressure. 

MoUen potassium hydroxide is a reagent which has found fairly \ride 
application.** Phcnylacotylenc is most simply prepared by dropping 
a>-bromostyTDne onto the molten alkali ot 200--220“.” Pure potassium 
hydroxide melts at 360®,** but the monohydrate melts ot 143®,“ and the 

(o) Yost, OsbonM, and Garner. J. Am. Chrm. Soc., 6J, 3493 (1941); (t) Stei, Pb.D. 
Thesis, Univer^ty ot CaUfOTnU at Los Anerles. 1943, p. 121, 

“Ileilbron, Jones, and Lacey, J. Chem. Soe., 194$, 27. 

*' Marvel, Sample, and Hoy, /, Ant. CAem. See., tl. 3241 (1939). 

“ Shand, Schomaher. and Fischer, J. Am. Chrm. Soc., 66, 030 (1944). 

“ Rugeli and Reinert, Utli. Chtn. Ada, 9, 67 (193G). 

** (o) Bcrgmann and ttondi. Her., 66, 37S (1033); (6) Unslead and N'oble, y. CAc^n. Soc.. 
1937, 033; (c) UugeU and Fej-er, IleJt. Chim. Ado. 9, 929 (192C) : (rf) Cdman. Hewlett, and 
Wright, J. Am. Chem. Soc., 83, 4192 (1931); («) Schofield and Simpson, J. Chem. Soc., 
1945, 512. 

" Krafft and Reuter. Ber.. 95. 2243 (JS92). 

“ (a) Slimmer, Ber., 36. 2S9 (1903); (6) Jacobs. Cramer, and WeL^ J. Am. Chem. Soc., 
82, IW9 (1910) : (e) Jacobs. Cr^or, and Itan-son. ibtd., 64, 223 (1912). 

Lcjpicau and Bourgtiel. Org, Sifnlheeee, Caff. Vat. L 209, 2nd ed., 1911; l^epieau. 
.Inn. tAfm. pAy*.. 17] 11, 232 (1S97); Huff. sac. cftin. France. (IJ 29. 53S (1921). 

* Ilcsdcr, Org. Syrttheert, CoU. I'of. 1, 4SS, Sad ed., 1941. 

“ TOti llo-esj-, Z. phyti. CAcm.. 73, 667 (1910). 

" Ihclcring. J. Chem. Soc., 65, S90 (1S93). 



6 


ORGANIC REACTIONS 


ordinarj" reagent grade usuallj- contains enough water to melt at about 
200°. For mam'- reactions it is simpler to use a mixture of 2 parts of 
potassium hj’droxide and 1 part of sodium h^'droxide, which melts below 
200°.“ The eutectic of these alkalies lies close to 50% bj^ weight and 
melts at 187°,“ but the presence of water lowers the melting tempera- 
ture. Glass vessels are not attacked appreciably by solid potassium 
hj’droxide, but molten alkali is verj’’ corrosive and glass flasks (especially 
Pjwex) can be used safelj^ no more than three or four times. If a Wood’s 
metal bath is used for heating, the run can be completed even if the flask 
is eaten through below the bath level, but an oil bath is %’’eiy rapidlr^ 
saponified and usually foams over when the flask breaks. It is said 
that the use of steel or copper flasks reduces the jdeld slightly, “ but a 
70% yield of phen 3 ’’lacet 3 dene is reported using a copper vessel and a 
stream of dry air to remove the phen 3 'lacet 3 dene vapors.“^ Copper 
flasks have been used successfull 3 ' in other reactions.'^ 

A mineral-oil suspension of powdered potassium h 3 'droxide has been 
used to ^ve a high 3 ield of alk 3 'nes (partiall 3 ' rearranged.) “ The 
method has not been applied to the synthesis of ar 3 ’lacet 3 'lenes. 

Sodium Amide 

Meunier and Desparmet were the first to use sodium amide to produce 
a triple bond; the 3 ' dropped eth 3 'lene dibromide onto the powdered 
reagent and obtained acet 3 'lene.“ Later, the 3 ' studied the deh 3 'dro- 
halogenation of higher homologs of ethvdene dibromide. These results 
were submitted to the French Chemical Society in a sealed communica- 
tion. After Bourguel “ indei)endentl 3 ' made the same discovery, 
Alermier and Desparmet published the details of their wotk.^ Bourguel 
has supplied carefull 3 ' tested directions for the sj-nthesis by this pro- 
cedure of a variety of l-alkjnes.^^-^ 

The following t 3 'pes of halogen compormds are suitable starting 
materials: RCHXCHzX, RCH2CHX2, RCX2CH3, RCX==CH2, and 
R.CH=CHX. The halide is added dropwise to an excess of finely 
pulverized sodium amide in an inert solvent at 110-160°. Ammonia is 
^ven off vigorousR at first, and the reaction is complete when this 

^ (a) Kupe and Einderkneclit, Ann., 442, 61 (1925) ; (6) Hurd and Colieii, J. Am. Chem. 
Soc., 53, 106S (1931). 

^ (g) Guest, J. Am. Chem. Soc., 50, 1744 (192S); (5) Bachman and HHl, ibid., 56, 2730 
(1934); (c) Hall and Bachman, Ind. Eng. CTiem., 28, 57 (1936). 

® ifeunier and Desparmet, BuH. eoc. ehim. France, [4] 1, 342 (1907). 

2* Bourguel, Compi. rend., 176, 751 (1923). 

^ Meimier and Desparmet, Bud. toe. chim. France, [4] 25, 4S1 (1924). 

” Bourguel, Ann. chim., [10] 3, 191, 325 (1925). 

® Lespieau and Bourguel, Org. SynBiczet, CoU. Voi. 1, 191, 2nd ed., 1941. 
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evolution becomes very slowj the reaction requires about twenty hours 
at 110°, three to four hours at 130°, and only fifteen minutes after all 
the halide is added at 160°. A temperature of 150-165° is most satis- 
factorj’, and a purified petroleum oil, none of which boUs below 250°, is 
the most readily available solvent. Different ligroin fractions, the light- 
est boiling at 150-180° and the heaviest at 125-1 40°/14 mm., have been 
used,** mth no advantages recorded for any particidar fraction. Xylene 
and toluene have been employed, but the long reflu.’dng is a disadvantage 
especially with the latter. Usuallj’ the mixture is heated for two hours 
after all the halide is added to ensure ccHnptetion of the reaction. The 
acetylene forms a solid complex with excess sodium amide, and volatile 
impurities such as olefins may be removed under reduced pressure or by 
distillation of part of the 6<J\-ent when it is not too high boiling. The 
acetylene is then liberated nith dilute h3’drochloric acid or acetic acid.* *' 
The j'ields are usually 60-85% as summarized in Table I. Bourguel did 
not use a mechanical stirrer, though eflSdent stirring was employed 
when the reaction was carried out in mineral-oil suspensions. 

TABLE I 


PCBTDROrULOOENATIOH WITH SODIUM AuIBE “ 


Acetykae 

Starting Mattria] 

\’ield 

l-Butyno ** 

Bromobutcnc mivture 

60 

I-Pcatyntf 

CrNtCW— coc;?, 

62 


CjIItCCIiCII, 

43 


CjIlTCBr^^fClTi 

55 


c;,H»cci=ciiciij 1 . . 



QHiCCfeQII, 

dU 

l-HeTj-ne 


1 DO 

l-IIpptyno 

cyiuCHa, 

60 


cyi;ca=CHCtns 

15* 

l-Octjuo 

CaHiiCIIBiCHB/CIL 

1 ss 


(3aHuCDr=CHCH, 

55 


CdIuCBr=CQx 

75 

Phcaylaectyleno 

C4I»CBr=<3H» 

75 


CeHfCaBiCIItBr 

40, 60 

3-Phcnyl-l-propyne 

C,II»CHtCBr=CIIa 

75 

3-Cyclohevi"t*Propyne 

i^UHcmjL;ur=4jiij 

87 


*Th« yield of ^ubtftitutod ocet} xnaxofy KTt. 

" Levina and Ivanov, J. Gm. CAem. {TwS-SJL. 7. IS06 (1937) IC~A. S2, 507 (193S)]. 

“ Levina and Kulitov. J. Gen. CAem, U.S.S.R . 10. 1IS9 (IWO) 55, 2SS1 (1941)] 

» Bourpiel. *oc. cA.m. Frana. 14] 41. 1475 (1927). 
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The lower yield of 3-cyclohexylpropyne obtained with mineral oil as 
a medium ® as compared with a jretroleum fraction boiling at 180-220° ^ 
may be accounted for by the difficulty of removing the reaction product 
from the former medium. Table H gives the yields reported with 
mineral oil and certain other solvents. 

TABLE n 


Dehtdeoh-u/jcesatiox wits SoDim Aiirox 


Acetylene 

starting Alaterial 

Yield 

% 

Kefer- 

ence 

1-Butine 

2,2-I)ichlorobntai!e 

40 * 

33 

3-Methj'l-l-butme 

3-Methyl-2-butanone 

6t 

34 


1- and 2-Bronio3-inetliyIbntene 

251 

34 


l,2-I>ibroino-3-methylbutai!e 

23-S4 

35,36 

l-Heptjuc 

1-Chloroheptene 

60-70; t 

4, 37 


Chloro compounds from heptalde- 

i ^ 
50-80 

27 


hyde 



4,-4-Dimethyl-l-peiityne 

2-Broini>-l,4-dimethyl-l-penter!e 

37 

3S 

S-Ethyl-S-mc thyl-l- 

2-Ch]oro-3UthyI..3-inethyl-l- 

45 

39 

pentinc 

pentcne 



l-Xonyne 

Chloro compounds from 2-noaaiione 

50-80 

27 

l-Dec}-ne 

2-Bromo-l-decene 

6S 

4,29 

l-XJndccyno 

Chloro compounds from 2-tnide- 

50-80 

27 


canone 



l-Heiadecyiie 

1 ^-BToromohexadecane 

65 

40 

Cvclopentj'lacetylene 

Cyclopentyl methyl ketone I 

9 1 

41 

Cvdolicvylacetylenc 

Cyclobcxanol (5 steps) ! 

61 

41 

343yclohexyl-l-propyne 

2-B rom o-3-cy clohe^nr 1- 1 •propc n c 

65 

29 

4-Cvc!ohcTj‘l-l-bufyne 

4-Cyc2oiKixyI-l,2-dibroinobutAac | 

65 C 

SO 

3-CTclopent3-l-l-nropTEe 

3-Cyc!opentyl-2-bromo-Lpropene i 

65 

i 41 

3-(ci?-^Dcca3y]l)-l- 


77 r 

1 31 

propync 

propaac 


i 

3~((rar..?-<3-X)ccalyI)-l- 

3-(frori'.^DccalyI)-l,2-Qibromo- 

so: 

i 31 

propycc 

prcpsuc ' 



7 >-To!yIacctylcnc 

cr-C^loro-p-S3e*hyIrtyTcn.e 

so 

42 

2.4-DimethyIphcnyl 

er-Crhlor€>-2,4--dirriethyl5tyrt?ce 1 

75 

43 

acctvicne 




> I oH t via r»? t y !<' n c 

<T-Cnlon>-2»4,(VtnnicthyiftTren? 

71 

43 

■i-Pi;cny!-l-ba;jX:C 

2'BrDTno-4-pbcrjy3*l -butene 

63 

4. 20 


1 ,2-Dibrorco-4-pbeTiyrDT2tane 

55 

44,444 

To-Tiin 

cr-Cbloroftilbene 

1 

34 

45 


• ffrr cf 5 wa.* 

t r-'-t cb*<»»L J Ti* 2r.--d.irrA ■»•*.» ifro— r,- 
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REFERENCES TO TABLE H 

“ Stoll and nouv6, lUlv. CAiw. Acfa. SI, 1542 (193S). 

*• GrMj-. Btdl. toe. eAi’m, Ftanee, I5J *, IWl (IB3S). 

•* Deduscnko, Trudy Atad, Kauk S.S.SX., AtertaldfAarj FxHal, 1940, No. 3, 87; NAi'tn. 
ntjerai. Zhur., 4. No. 1, 48 (IMl) ST, 1697 (1943)]. 

•• Dodusenko, Trudy Khitn. Jnat. AtrrhaidtAaa. FHialaAiad. A'aulr, 4, No. 1, 15 (1940); 
NAfm. Jle/erot. ZAur., 4 , No. 9, 63 (1941) IC.A. 88, 1466 (1944)]. 
f Guest. /. Am. CAem. Soe.. 47, 860 (1925). 

*Oi3nn0 and MarreJ, y. .4»». CAem. Soe., 88, B2C7 (1930). 

•• Davis and Mar,-*!, J. Am. Chen. Soe., 68, 3840 (1931). 

•“Mulliten, Wakeman, and Gerry, J.Am. CAem. ^., 67, 1005 (1935), 

“Grfdy, Ann. cAim., [11] 4 , 6 (1935). 

“ WjUemart. Bull toe. ehim. France. (4) 46 , 644 (1929). 

“Vaughn and Nieualand, J. Am. CAr^ Soe., 66, 1207 (1934). 

"Levina and Panov. A. Cen. CAem. U.S.S.R., II, 633 (1941) (£7-4.. SS, 6936 (194I)J. 
“ Paillard and Wieland, Ittlt. Chim. Ada, 81. 1356 (1938). 


It has been suggested ” that the solid complex obtained in dehydro- 
balogenatioos vith sodium amide contains some product different from 
tho simple sodium acetyUde, for it cannot be carbonated or methylated 
in high jneM and the ammonia liberated during its formation is less than 
required by tho following equation. 

RCBi— CHi + SyaNHi -» RC^CiVa + NaBr + 2XHj 

However, 2-pentj'noic acid was obtained in 46% j-ield by treating 1,2- 
dibromobutanc with sodium amide in kerosene at 145^, diluting the 
reaction mixture with ether, and passing in carbon dioxide irith cooling.** 
'tVhen the starting material was the chlorinated mixture obtained from 
2-pcDtanone and phosphorus pentachloride, the yield of acid dropped 
to 2-3%. 

Of special importance for the success of the sjmthesis is the quedity 
of tho sodium amide. On exposure to the air, the reagent acquires a 
protective coating of sodium hydroxide. The dehydrohalogcnation is 
then brought about by the sodium hj'droxide and is accompanied by 
rearrangement of the triple bond. Such coated sodium amide is in- 
capable of converting a monosubstituted acetylene into its sodium 
derivative even at ICW*, whereas with a pure reagent this reaction occurs 
rapidly in ether at 30® although the quantity of ammonia evolved 
indicates no more than 85-00% conx-ersion. Bourguel ” used sodium 
amide of good commercial grade in his experiments and took great 
caro to grind and store it out of contact mth moisture. Accurate 
directions have appeared for the piepaiation of sodium amide from 

“ Favorskil ajid Moklinaph. Bull. Far Bad. BraneA Acad. Set. U.SS.R., 9, 3 (1934) 
iCA... 89. 39SI (1935)]: J. Gtn. Chem. U.S£Jt., 6. 1608 (1935) IC..4., SO. 3404 (1936)]. 
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molten sodium and anh3*drous ammonia.^ A rapid and convenient 
method for obtaining the reagent in liquid ammonia has been de- 
scribed^* (p. 48 ). By adding this solution to mineral oil at room 
temperature and heating to drive off the ammonia, a reactive, finely 
divided suspension is obtained. The sodimn oxide which is present 
appears to have no deleterious effect. A 5’^ellow color due to peroxide 
formation often develops in old sodium amide which has been exposed 
to air. This material is dangerously explosive and should be discarded 
at once.^ 

Sodium amide in mineral oil has been reported to be superior to 
ethanolic potasaum hydroxide for the s3Tithesis of mesitjd- and 2 , 4 - 
dimethylphenyl-acetj'lene, but it reacts too vigorously with halogen- 
substituted a-chlorost3Tenes, and ethanolic alkali is better.'**''®’ For p- 
tolylacet3’lene the 3-ields reported using potassium h3*droxide are 
better than those with sodimn amide, and the same is true for tolan 
and even for isopropylacetylene.** 

The sodium amide method has been recommended for the ^mthesis 
of 3-aryl-l-prop3’nes; “ the 3’ields were said to approach 75 %. In view 
of the ease of rearrangement of these compounds to l-ar3d-l-propynes, 
(see p. 17 ), great care is necessary in the final hydrolysis of the reaction 
mixture. 

Liquid ammonia offers a satisfactory medium for dehydrohalogena- 
tions,**“ although there is some indication that with dibromides olefin 
formation is an important side reaction. The method is not often used 
since ammonia is somewhat les convenient to handle than other solvents. 
Table III ^ves some of the results. 

Dennis and Brcrmne, Inarganie S;fnihr.tes, I, 74 (1939); J. Am. Chem. Soc., 26, 5S7, 
597 (1904) : Bergstrom and Femelius, CTurni. Rers., 12, 52 (1933) ; Bergstrom, Org. Sjrniheee!, 
20, SG (1940). 

“ (a) Vanghn, Vogt, and Xieuwland, J. Am. Chm. Soc., 56, 2120 (1934); (6) Greenlee 
and Henno, Inorganic Si/rdhate, 2, 12S (1946). 

^ Ihrfraisse and Dcquesnes, BuH, eoc. cAint. France, [4} 49, ISSO (1931). 

^ Smith and Hoehn, J. Am. Chem. Soc., 63, 1175 (1941), 

“ Robin, jlnn, cAim., [10] 16, 421 (1931). 

® Bert, Doiier, and Lamy, Compt. rend., 181, 555 (1925). 
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TABLE III * 


Action or Sodiw Auide on Haloobi/ Conmyvxos i.v LxqCCd Amhosia 


1 

Halogen Compound 

Product 

Yield 

% 

Overall 

Aecounted 
for t 

l-Iodo-l-heTjTie 

l-TTe*yne 

31 

34 

1,2-Dibromo-l-heptenc 

l-Ileptyno 

5S 


2-Bromo.l.octyne 

l-Oct>'no 

73 

00 

1 ,2-Di bromodecane 

1-Decyne 

54 

78 

2*Brorao-l-pentadeceno 

l.Pentadeeyna “ 

10 


o-ChloTOstyreno 

Phcnylacolylctie 

. 57 


tf-Broraostyrene 

Phenylacetyicne 

75 

S3 

Styrene dibrotnide 

Phenylacelylenc “ 

52,64 


p-^Iethy]<r<hloroetyTene 

p-Tolylaectylene 

4D 


Stilbene dibromide 

StUbeno 

86 



■ Thli tabu li tklea from Vtugbn, Vogt, ood NieuwloBd. r«f. 4$t, »x»pt *• Iniimted. 
t Tb« figurcj in thu coluaa »r« ib« }d«M* tltot oUomoc for t*o»v«r*d ttatiing mattniL 


Other Alkaline Keegeots 

Other alkaline reagents are sometimes used for dehydrohalogenation, 
but these have usually been less satisfactory for preparing acetylenes 
although they often have advantages for preparing olefins. Sodium 
hydroxide is relatively insoluble in ethanol, but aqueous or dilute etha- 
nolic solutions have been used.***’***^*'*’ Sodium ethoxide was used 
in the original propyne synthesis; * it has been emploj'ed occasionally in 
the synthesis of substituted tolans (p. 40) or other aiylacetylenes 
but rarely for alkynes.'‘'’“'“ An unusually interesting example of the 

** Hydon. Glavis, and ^larvot. •T. Am, CAoja. iSoe.. 89, 1014 (1937). 

M CampboU and O’Connor, J. Am. Clum. Soc, 61. 2367 (1939). 

“ Buggli, Caspar, and Ilegedila, Iltlr. Chim. Ada, 80, 250 (1937). 

“Baahford, Eroelfus, and Driaco^ X Oiem, Soe., i93S, ISSS. 

" Hatch and Moore. J. Am. Chem. Soe.. 66. 235 (194^- Hatch and Evans. Brit, pat 
6S2.7M [C.A., 42. 533 (194S)I. 

“Adams and Theobald. J. Am. Chem. Soe. W, 2208. 23S3 (1943). 

‘•Adams and Ludiogton, /. Am. Chem. Soe., 67, 794 (1645). 

•• Wislicenus and 1161s, Ann., 860, 230 (1889). 

•‘ Loevenich, Losen. and Dierichs, Ser., 60, 050 (1927). 

“ Bachman, J. Am. CAcm. Soe.. 67, 10S8 aWS). 
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use of sodiinn ethoside or hvdradde is the prepaiEticEi of diacetjdene 
front 1.4-dichloro-2-butTiie.®^ 

Eetene acetals have been preparei ® br dehydrohalogenation of 
haloacetals tritii 'p'f.assium ieri-bvioxide in lerf-butTl alcohol, tfhich does 
not add to the reactive double bond, but no report, of the use of this 
reagent for acetylene synthe^ has appeared.-’ The use of sodium 
cnUide,^ 'pdiasdum iemyJaie.^ and sodium dhulmsTcaplide can be 
mentioned, but only the nist showed synthetic promise. The preparation 
of 1-nitro-l-butyne and l-nitro-l-pentyneby treatment of the correspond- 
ing l-bromo-l-nitrooleSns with vidJiulamim and didhulamine respec- 
tively baa been reported.^ Dibromosuccmie add gives acetylene- 
dicarbo.tylic add when treated with aqueous solutions of pyridine or 
quinoline.^ but, in general, amines are not basic enoum to remove 
hydrogen halide from a haloethylene.^® l,.2-Dibromo-3-cydohe:^l- 
propane gives 3-cyclohesyl-l-propjne in 27^ yield when treated vrith 
ethanollc potasium hydrodde but ^ves cydohesylallene in unspedSed 
yield when disulied with qtdnoline. Aqueous pdussium carionate has 
been used occasionally" and aUmline-eorih ccrrbor.aies or hydroxides 
have been employed to prepare acetyienedicarbonylic or halogenated 
phenylpropiolic adds." Bromomaleic and bromofinnaric adds yield 
propiolic add merely by heating with water at 140 It has been 
shown that sodium in ligvid ammonia removes halogen quantiTativeiv 

iS4S, p. 540- 


n Bsy s rsted: 2^ j . Sx^ 5S, 52? (ISSS). 



A--x^ XSZ, SS IJSiO , : (c, Ixssen, 272, 127 Clt?3 : CS . Icsse- 

a-.-^ S4S, srs (ixe;. 
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reported occasionallj*; for eriample, 10-undecjne-l-al diethyl acetal 
and 4-pentjTioic acid.^‘ The sjuthesis of dieubstituted acetylenes, the 
pnritj' of Trhich rras xmdetennined, has been reported many times, as 
illustrated by 4r-methyl-2-pentyne and 2-methyl-4-hesyne.^'^ Etha- 
nolic sodium hydroxide and sodium ethoxide effect- the duft, but solid 
potassium hydroxide does not at the temperatures used. Allene or 
methj'lacetylene gir^ mainlj' ethyl isopropenyl ether, and dipropargyl 
is changed in lotr yield to dimethyidiacetylene. Eavorskh believed that 
the rearrangement goes to completion since hLs products gave no pre- 
cipitate vrith ammoniacal silver or cuprous solutions; hovever, later 
workers obtained indications, with the more sensitive ethanolic alver 
nitrate, of incomplete con^-ersion.^- ^ Higher l-alkjmes rearrange mainly 
to 2-aIkynes.^‘'®'"^'^ It is reported ^ that samples of 2-octyne prepared 
b 3 ' rearrangement of 1-octyne and by the methx'lation of sodium amj'l- 
acetjdide have identical physical properties and Raman grectra. 

At 380°, 1-heptyne rearranges in the vapor state over soda lime to a 
disubstituted acetylene to a considerable extent, but the change is slight 
at 250°.^'* Over pumice at 350° less rearrangement but much decom- 
position occurs. 

The reverse change of a disubstituted acetjdene or allene into a mono- 
substituted acetx'lene by heating in a sealed tube with sodium at 100° 
has been effected.®^ The product, the sodium aikynide, was an almost 
dr 3 " powder which could be carbonated to the acetidenic acid or decom- 
posed with water to the alkjne. Higher temperatures fban 100° are 
generally found necessary for this reaction and some oleffn is 
produced bj' hydrogenation.®^® Sodium amide brings about the same 
change."’^ The conditions for the rearrangement are not greath* 
different from those emploj'ed with sodium, but sodium amide is prefer- 
able because the triple bond is not reduced. The reaction is usnally 
carried out with a suspeaaon of the reagent in an inert solvent, and 
temperatures as low as 110' have been used, although the bffit results 
are obtained at 150-160°. 

” (a) and Velici, J, Arn. CT^ro. Sr^ 67, 1-113 (1S45) ; B) S<ijinb; 7 S. 71, 

503 (1935) ; (e) Ipa-.ie5. J". H-jar. P/.yj. C?>rj. .Soc., 27, ZS7 (lS95i ; J. prcH. [2] 

53, 1-15 (IS93J-. < 2 '; Petrov. Vereoliova End Eokleera, J. Gzn Ojm. VJSSJR., U, 1C305 
(1911) [C-l., S7, 3732 <1913)]- 

•= (s) Bfiia]. BvH. «c. Trarjx, [2; 551 (ISSS); (5) WiiH»--nt :3 and Scnoidt, 

.Ir.-.., 313, 210 (1900). 

Kran-., Bev.. 29, 2232 (lS9o). 

’=pavt?rtm. J. F.tu!. Fh-jt. CXr-i. S'xu. 19, 553 nSS7) (CBm. X— IKS, 2-12) :y. 
jroJd. CXrri., (2] 37, 417 (ISIS); 3. Eo«. Fh-jz. CAava Swt, 50, 43 (191S; [C.A, IS. 249S 
n924)]. 

B'Jl, tot, c?.xrt. [2^ SO, 623 fISSS). 
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TVhen sodium amide is used for dchj'drohalogenation a complete 
rearrangement of disubstituted to monosubstituted acetylenes docs not 
always occur, but Bourgucl “ effected a clean separation of these prod- 
ucts by working in a ligroin fraction nhich boiled higher than the acet- 
ylenes but low enough for partial removal by distillation. When tho 
dchydrohalogenation was o\er, as indicated by cessation of ammonia 
evolution, the disubstituted acetylenes were removed with some of tho 
solvent xmder reduced pressure before the sodium derivative of tho mono- 
substituted acetylene was decomposed. Table IV indicates tho yields 

TABLE IV 


IlEABlUNaEireNT OF ACRTTIESES BT SODIUU AmIDF. * 










Vie 

IJ% 

Starting 

kfatriti 

Ami. 

( 

KaNn, 

fr 

Trap. 

Vat 

it. 

Solvaat 

Recovered 

Suiting 

Matnial ; 

tuuil 

Acrty- 

Iriia 

t 

SubUaet- 

Reeevtvtd 

Starting 

Msterisl 

No ANow- 
anco (or 
BoNvny 

S^tysi 

12 

4 

ISO 

IH ' 

rsnidoMowM : 

Very httU 

6 9 


80 

S>Kaayia ' 

li ' 


160 

s 

retrokiuB Aip 
180-200*) 

9*f (14%1 

IS 6 

** 

73 

Mteefyss 

10 


170 

4 

Fsrudoeuaieae 

6 Og (40%) 

Slat 

to t»U 

IDM<D 

S-Octyna 

l-ni4nyl-l> 

2] 

9 


170 

110 

2 

rttreleuo 

»*g.(«%) 

ID 0 
60T 

80 

67 

l^etobstyl-2* 

21} 

■" 

m 

St 

rrtcolmn (bp 
250-290'J 

6 Of (4%) 

les 0 

to 

77 

II-Cyo1oh<iy1-2- 

pentyoe 

107 

St 

im 

iH 

Fetrolnun (bp. 

: 126-140*/ 

1 ISbuv.) 

U Of (14%) 

II 0 

89 

70 

►uVolohciyl-li- 

49 


ICO 

Vi 

iFelrolniin (bp 
12S-H0*/ 
UmiB) 

V Of <16%) 

St 0 


71 


* n»tlng WKI duoontIniMd whfn tbs Svolulion of (ininoiiU b««>in« v»ry tlnw, TliU uiuilly ocourrrd 
kfttr 7S% to 80% of lh« th«or«lioal nmouiit bad boon «n4T«d K alliiht aioou of lodlum amido uu« 
used (1 2 molf'B per mola of diaubstitutod asotylena) auapandod In 900-400 ml of solvent 

t No oareful sttempt was mads to separato moixw from di^aiibatltutad aortxlonss, althouah all tbs 
product was believed to be l-alkyna. 

} Tha Srat thraa-hour kaatint left 40 g. of dlaubwrlutMl prodoot. which, after rebestlng wllb fresh 
sodium amide, left only 8 s. of unchanged startiog saaterlaL 

and conditions in these experiments. It \va3 observed that the rates of 
rearrangement vary with different oompounds, hut 3-aIkjTies olivaj’s 
change more slowly than 2-aIkyncs. By essentially the same procedure, 
tho allcnea 1,2-pcntadiene, 1,2-hcptadicnc, and 5-mcthyl-l,2-hexadieno 
give excellent yields of J-pentyne, J-heptync, and S-mcthyl-l-hcicyiie. 
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respectively.®* The reaction is practically complete within two hours at 
bath temperatures of 140°. 

A heptjme mixture containing 80% disubstituted compounds may be 
rearranged ^ by heating for twelve hours at 160° in a mineral-oil sus- 
pension of sodium amide with vigorous stirring, and an acetjdene frac- 
tion (in unspecified jrield) containing 64% of l-heptjme is isolated.® 
This result is not inconsistent with those of BourgueL^ 6-Dodecjme 
and 5-decyne have been similarly rearranged at 210°.® This is the only 
recorded example of the shifting of a triple bond bj' five positions. In 
general, temperatures above 170° are undesirable because the sodium 
amide particles tend to clump together and the rearrangement is much 
slower. Sodium amide melts at 210°.*^ 

Because of this rearrangement it is possible to use compounds with 
halogens three and four carbons from the end of the chain for the S 3 'n- 
theas of monosubstituted acetylenes, but the j-ields are generally less 
satisfactory as Table I shows. 

Succesave meth 3 -lation of a sodium acetylide by dimethyl sulfate and 
rearrangement of the methj'lalkj’lacetA'lene to a new monosubstituted 
acetylene is a satisfactory method of sjmthesiring relatively inaccessible 
hi^er acetj'lenes. Using this method Bourguel was able to prepare 
200 g. of 6-cyclohexyl-l-he.xyne from 500 g. of S-cj'clohexyl-l-propyne 
bj' three repetitions of the cycle. 

Since S-nonjme is not rearranged by standing for sixteen hours at 
—34° in a liquid ammonia solution containing sodium amide, it was 
su^ested that easily rearranged disubstituted acetj'lenes might be 
sjmtheazed by dehydrohalogenations in this medium, but no experi- 
mental work has been reported. Because S-aLkjmes are less readilj" 
rearranged than 2-alkynes it would be interesting to observe the behavior 
of 2-nonj-ne or a similar compound in such a solution. 

The rearrangement of the triple bond has been compared with a 
corresponding shift of the double bond.^ Olefins have been studied 
mainlj- in the vapor phase or in acids,®^ and there is no evidence that 
1-alkenes tend to rearrange to 2-alkene3 in the presence of alkaline re- 
agents under conditions comparable to those of the acetylene isomeriza- 
tion. However, at 420°, 1-butene is converted to 2-butene to the 

^ Bonis, Ann. chim^ [10] 9, 402 (19^), 
o Analysis by the method of Hill and T\*son, ref. 74. 

Vaughn, J. Am. Cfiem. Soc., 55, 3453 (1933). 

^ The isomerization of oleSns and acetylenes has been rerierred hy Egloff, HuDa, and 
Komare-svsky, Ttorrmzafvyn of Pure HydrocarhoTis, American Chemical Society* Mono- 
graph, Reinhold Publishing C^orp., Xe^ York, 1942, especially Chapters 2 and 3. A brief 
account is gi’-'en bj' EgloS, The Reactions of Aliphatic Hj'drocarbons, Chapter I of Organic 
Chemistry, Gilman, 2iid ed., John VTiisy & Sons, New York, 1943. 
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extent of 92% by passage over lime.** It is well known that alka- 
line reagents cause a rearrangement of allyl benzenes to propenyl- 
benzenes.® Similarly benq'Iacetylene cannot be prepared using solid 
or ethanoUc potassium hydroxide,*''” and even the reaction of benzjd 
chloride and sodium acetylide judds meth 5 'Iphenylacetylene.” The 
rates of interconversion by ethanolic sodium ethoxide and the positions 
of equilibrium in a scries of substituted 1,3-diphenyIpropenes have 
been determined, and the mechanism of the reaction has been discussed.” 
In the acetylene series, l-p-bromophenyl-3-phenyl-l- or 2-prop3’nes 
(BrCcHiC^CHaCeHs, BrCsHiCH.C^CeHs) were found to be iso- 
lable compounds which were not isomerired by hot 15% potassium 
hydroxide solution or by the Grignard reagent.” 

The intercon version of a,P- and /J.y-olefinic acids has been studied,” ^ ” 
but the corresponding rearrangements of acetylenic acids have not been 
reported. 

The conversion of l,4'<iicbIoro-2-butj'ne to diacetjdene has already 
been mentioned (p. 12); this is presumably the result of 1,4-dehj'dro' 
halogenatioQ rather than rearrangement. 

ClCHsCsCCHsCl -* CHi=C*0— CHCI HCsC— CsCH 

Removal of Adjacent Halogen Atoms, ^lien the startmg material 
for acetylene synthesis is a 1,2-dihalogeD compound the alkaline reagent 
sometimes removes the halogen atoms to form an oleJin. This reaction 
is relatively common with the diJialides of stilbenes or /S-arj’l- 

acrylic acids and has been obsen,'ed mom often with tertiarj’ amines 
than Tv-ith ethanolic potassium hydroxide, although ct-iodo-^-chloro- 
butyric acid gives crotomc acid nilh ethanolic potassium h 3 'droxide 
and a-iodocrotonic acid with p 3 Tidine.” ^(2-Quinolyl)- and ^-(4- 

“ I.G. Farbpnind. A.-G., U. 8. j>»t. I.9I4.6M fC-t.. tT. 4252 (I933;l: Ger. pat. 5S3.790 
[C.X.. as. 1058 (1934)]. 

•*T»ffeneau, C<mip(. rend., 1S9, 4S1 (1901); Agpjewa, J Phi/*. Chen. Soc., 37, 

663 (1905) (Ch/m. Zerttr., 190S, II, 1017). Kla^ps, B«r.. 39. 25S7 (1906); and many others. 

“Lespieau. Bull. »oc. chin. Prana. (4119. 523 <1921). 

" Zeberg. J. Cm. Chen. h, 1016 (1935) (C-4.. SO. 1023 (1936)]. 

“ Ineold and Piggott, J. Chm. Soc., Ill, S3SI (1922); Ingold and Shoppee, ibid., 1939, 
447; Shoppee, ibid.. 1930, 968; 1931, 1225. A revtew ol this work and of a number ol 
related investigations can be found in Baker, Taufomerum. George Routledge and Sons, 
Ltd., London. 1934, D. Van Nostrand Co , New Vork. 1934, p. 80. 

dacchs, sRd Schwacia, J. As*. Chen. See., Sit JSS5 <J93S), 

** linstead, J. CAem. Soc., 1930, 1603; Lmstead and Noble, ibid., 1934, 610. 614. 

“ (a) Zincte and Fries. Ann , SS5, 44 (1902): d) Zmcle and tVagner, Ann., SSS. 236 
(1903); (<> Pleifier, Bcr., 45, 1810 (1912); (d) Pfeiffer and Kramer, Ber., 46. 3655 (1913); 
it) Reinhardt. Ber., 46, 359S (1913); (/) llamson. J. Chm. Soc.. 1926, 1232. 

•" (a) PfeiSer and Langenberg. Ber.. *3, 3039 (1011^: (6) Perkin and Bellenot, /, Chem. 
Soc., 49, 440 (ISS6). 

” Ingold and Smith, J. Chm, Soc., 1931, 2742. 
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p%Tidyl)-acn’lic ncids arc o!>tainpd from their dibromidcs not only by 
the action of common hafcs but even by boiliriK irith water or ethanol.”’’ 
Cyclic compounds 5uch ns ],2-dibromoc;.'cIohexane v.-hicli cfinnot yield 
an acetylene lose- halogen to gi%‘e cyclic olefins a.s one of sevend reactions 
■v^dth quinoline.” 

Tlic removal of adjacent halogens to form olefins i.s an important side 
reaction when dibromides are trcatwl v,-ith sodium amide.” In Bour- 
guel’s technique the olefin i.s readily .separates! from the 1-alkyne, but the 
jdelds of the acetjdene are often low and it i.s preferable to remove the 
first molecule of hydrogen bromide v.ith ethanolic potassium hy- 
droxide. BromoOlefins arc not converted to olefins by sodium amide. 
Pohmerization alwa^cs accomp.mies tlie dehalogenation; 1.2-dibromo- 
propane gives very little methylacctylene, some propylene, and mainly 
polymer e\’en though sodium amide free from sodium is used. 

Addition, of Alcohols. Acetylenes in which the triple bond is activated 
by conjugation with such groups as phenyl or carboxjd add primary 
alcohols raadih' in the presence of .sodium alko.vidcs.” Addition is also 
observed with propargjd acetal and ethers of acetylenic glycols.”' 
■With phcnylacetylene this reaction gives alkyl styiyl ethers in high 
jneld,”*-' and the dirc-ction of addition is the reverse of that obscn'cd 
with reagents in the presence of acid. .•Ucohols add 1 ,4 to srinj’lacetylene 
in the presence of sodium alkoxides, and the products rearrange to 
l-alko3y-2-butj'nes.”- Secondary alcohols add slowly, and tertiary alco- 
hob even more slowly. Eearrangemcnt is the principal reaction observed 
vrhen l-alkjmes are treated with ethanolic alkali, although Moureu 
isolated from 1-heptyne a little high-boiling material which may have 
been foimc-d by addition of ethanol. Allene or methylacctylene gives 
mainly ethyl isopropenyl ether.'’^ 

Small amounts of 'S'inyl ethers have been reported occa-sionall}' in the 
^-nthesLs of arj'lacetylenes bj- the reaction of ethanolic potassium 
h 3 'droxide, and this reagent has been used instead of sodium ethoxide 
to promote the addition of ethanol.”- It appears that the presence 
of some water decreases the ease of addition and that vinj'I ether forma- 
tion is not ordinarily an important side reaction during dehvdrohalogena- 
tion to produce arv-lacetj'lenes, although it might be expected to inter- 
fere with the use of sodium ethoxide (p. 11). 

« Harries zsd Splz—z-'Seyrazn, Ber., 42, 093 (1909); Harries, 43, S09 (1912): 
ard Hatt, 45, 14&t (1912). 

” (c) Nef, Ann^ 303, 20i (1S99); (0) llcnrrea. Compt. rcrA., 137, 239 (1903): (c) Monrea, 
Hall- roc, cAitti- Vrarjx, 13] 21, 493, 32rt (1905); ftT) ilonren r.axerir:ec. Comp, 

'.42, 33S (1903): BuD. t>K. Aim. Framx, [3] 35, 523, 531 (1903). 

^ Claisea, Bm-„ 36, 3935 (1903). 

w- Gaathier, Anri. A.im., [S] 16, 259 (1900). 

Ja-yjbson, Dytera, aad Carothers, J. Am. Chm. Soc., 55, 1169 (1934). 
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Limitations in the Synthesis of Acetylenic Acids. Although substi- 
tuted cinnamic acid dibromides or their esters are readily converted to 
phenylpropiolic acids,”* the reaction is usually accompanied by some 
decarboxj-lation. To minimize this side reaction the temperature is 
kept as low as possible, especially during acidification of the alkaline 
reaction mixture. The dcearboxj-lation occurs readily and has been used 
for the sj-nthesis of a number of substituted phenylacetylencs. 
o-^Ukylcinnamic acid dibromidos yield l-j>henyl-l-alkynes directly and 
in good jneld when treated with ethanolic potassium hydroxide.*®® 
Aliphatic acids with a triple bond adjacent to the carboxj-1 group 
cannot be prepared from the dibromides of the corresponding olefinic 
acids or from the or-halo6lefinic acids. The action of alcoholic alkali on 
o-bromocrotonic or a,3-dibromobutyric acid gives a- and ^-alkoxj-- 
crotonic acids in proportions depending upon the alcohol.**^ *“* Tlie 
attempted sj-nthesis of S-pcntjmoic acid from 2-pcntcnoic acid dibroraide 
failed,"* and propiolic acid has not been obtained from a,j3-dihaIo- 
propionic or o-haloacrylic acid although <*-ethoxj’OCryhc acid, pyruric 
acid, glyceric acid, and poljTncrs liavc been reported.*” The conversion 
of ofbrocQoacrj’lic acid to acetylene and carbon dioxide by debydro- 
halogenation and decarbox>dation has been noted.'”*- 
Certain ^halo<r,$-unsaturatcd acids nill yield acetylenic acids, for 
tetrolio acid is usually prepared from ethyl acetoacotate by the action 
of phosphorus pentachloride followed by potassium hydroxide; *" but 
the yield is often low, and such by-products ns acetone, ethoxycrotonic 
acid, and poliTners arc produced. The literature contains conflicting 
reports on the conversion of 3-bromo-2-pcntcnoic acid to 2-pontj’noic 
acid.**-”* Most a,/S-acetyleaic carbox>'lic acids are now prepared by 
carbonation of inetaJhc derivatives of l-alfcjues so that decarboxylation 
of these acids has no synthetic value. Ho^vc\’er, the decarboxj’lation has 
been reported to take place with ecceUent yields."® 

phenylpropiolic ocid soo Abbott, Or^. IS, 60 tl032); CoZl. Yot. 3, 515 

(1943): Reimer, J. Am. Chem. Soe., 64, 2510 (1042). 

(a) Otto, J. Am. Chrm. See.. 86, 1303 (1934). (6) Fulton *nd Robinson, J. Chtm. Soe., 
1933, 1463; (e) Weltjiea, Michcel, ond Hess. Ann,, 433. 247 (1023): (d) WoUring, Ber., 
47,111 (1914): (OGsttormnnn, Ann., 847. 317 (1906). {/iStmus, Ann.. 343, 190 (1905); 
(Z) lUycUer, Bull. soc. rfiVt. Frona, P) 17.513 (1897); (A) MCUer, Ann.. 318. 122 (IS32): 
Ber., ao, 1212 (18S7); (0 Baeyer. Btr.. 18, 22S4 (ISSO); O) Glaser, Ann.. IS4, 157 (1S70). 
t* Bogert and Davidson, Am. CArnt- iSoc.. 84. 334 (1932). 
tn Pfister, Robinson, and Tishlsr, J. Aw. CAfW. Soe « 67, 2269 (1945). 

”” (o) Otto, Ber., 33, llOS (1890), Otto and Beckurts, Ber., 18, 239 (1SS5): (5) Lessen 
and Kowsld, Ann,, 343, 124 (1905); (<^ Wagner and ToUeaa, Ann.. 171, 340 (1S74). 
Mauthner and Suida, Afojialeft., 2, 93 (1881). 

•“Sea table, p. 23. 

••“Movu’su and AndrS, Ann. cA>m., [91 1, 116 (note) (1914). 
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Acetylenedicarboxylic acid ^ rcFcmblcs ]dionylpropiolic acid in that it 
is prepared from a,S-dibromosuccinic acid witiiont difficulty and its acid 
potassium s;dt is rcadil.v dccarboxylated to propiolic acid.'“ 

Other Side Reactions. Poljancrization h? encountered in the sjTithcsis 
of a number of acetjdenic compounds, and autoxidation may occur, 
although usuall.v it is not important. Tlic formation of poKmeric 
material under the influence of cthanolic potas-dum hydroxide, .sodium 
ethoxidc, and similar reagents may perhaps lx; the rc.sult of pobmeriza- 
tion of xinj'l ethers formed by addition of alcohol to the triple bond. 


Preparation of the Halogen Compounds for Dehydrohalogenation to 

Acetylenes 

Four general methods have been cmploywl for smthe-sis of halogen 
compounds useful for preparing acetylenes: (1) olefins to olefin di- 
bronudes, (2) cinnamic acids to to-bromostxTencs, (3) ketones with 
phosphorus pentachloride to dihalidcs, (4) 2-bromoallyl bromide or 3- 
chloroallyl chloride vitb Grignard reagents to lialogenatcd olefins. Tlie 
first method requires no comment. The second has been re^'icwcd in 
a pre^’ious chapter in Organic Rcaclions.^^' The third and fourth will 
be discussed below. 

Phosphorus Pentachloride and Carbonyl Compounds. The reaction 
of phosphorus pentachloride with carbonyl compounds has been 
widely used to prepare chlorides for acetylene sjuthesis. The products 
of the reaction include monochloroethylenes as well as the expected di- 
chlorides; hx'drogen chloride is alwaj's produced. Favorskil has re- 

RCOCH.R' -f PCU RCCbCHjR' POCh 

PvCOCHiR' -f PCls RCC1=CHR' -b HCl -f POCU 

viewed the work prior to 1913 and has carefully studied the reaction with 
aliphatic ketones. Alarimum j-ields of chlorides stiitable for acetylene 
synthesis are obtained bj* adding the ketone dropwise to a slight excess 

™ (a) BandroTOld. Ber., 13, 2340 (ISSO); (6) Baej-er. Ber., IS, 674, 2269 {ISS5); (c) 
Peridn End SiiEcmien, J. Chem. Soc^ 91, S16 (1907); (d) Ingold, J. Cfum. Soc., 127, 1199 
(1925); (e) for sn altemstive preparation see Strsna and Voss, Ber., 59, 16S1 (1926); 
Straus, Heyn, and Schvremer, .Ber., 63, 10S6 (1930), 

Young, Vogt, End Xieuwlsnd, (o) J. Am. Ct.em. Soc., 56, 1S22 (1934); (i) vnd., 58, 
55 (1936); (c) J. Cfjem. Soc., 1935, 115. 

^ Campbell and Eb\% J. Am. Chem. Soc., 63, 2IG (1941). 

The PerKn Reaction. Johnson, Org. Beattirmt, 1, 210-265 (1942). 

“ Friedel, Comji. rend., 67, 1192 (1S6S); ann. Mm., (4] 16, 310 (1SG9). 

•t-' Favorska; J. -preU. C},em., [2] 88, Gil (1913); J. Buee. Phpt. Ctjem. Soe., 44, 1339 
(1912) IC.A. 7, 934 (1913)]. 
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of phosphonzs pont/icliloride in an alt-Rlass tipparatiis at 0® so that the 
evolution of hy(lrop?n chloride is not vigorous. TJio reaction occurs 
only at lusher temperatures n-ith diisopropyl ketone or pcntamethyl- 
acetone, and under these conditions a-eliloroketones arc formed as the 
result of a chlorination reaction. Pinacolonc is converted to a mixture 
of chloroolcfin and diehloride which is readily transformed into ieri- 
butylacetylonc.*^"* Tlie yield of chloro compounds has been reported 
as essentially quantitative, and the yield of tcrt-butylacctylene as 65%. 
Other workers have not always obtained such pood results,*** although 
over 90% yields of chloro compounds have been obtained.’” B}* use of 
find}’ powdered phosphorus pcntachloride, maintenance of the tempera- 
ture at 0-5®, and stirring, the yield of mono- and di-chloridcs is 91%, 
from which an 80% yield of the acetylene H obtained.’”* The reaction of 
pinacolonc with phosphorus pcntachloride has been extensively stud- 
ied.’”*^ Tlic only prociuct isoIatc<I from ethyl tert-biityl ketone and 
phosphorus pcntachloride at 70* is 2-ehloro-4,4-dimcthyl-3-pcntanone, 
(CiralaCCOCIICICHs.”' 

Phosphorus pentabromidc produces from all t}’pcs of ketones mainly 
o-bromoketoncs and cannot Iks u.<ed to prepare bromides suitable for 
acetylene Bj’ntlicsis.”* This may be the result of the action of halogen 
formed by dissociation of the jihosphorus pentabromidc. However, the 
ketones are more readily broroinated by phosphorus pentabromide than 
by bromine, so that, if the free halogen is the reagent, a phosphorus halide 
must be a catal}'st for the reaction. 

Even at 0* the products of the reaction of phosphorus pcntachloride 
^"ith aliphatic ketones include small amounts of dichloro compounds of 
the t}’pe IlCHCICnClR' and of acetylenes as well as the expected 
dichloro compounds BCIIjCCbH' and monochloroolefins.”® The 
chlorocthylcncs from methyl ketones arc largely 2-chIoro-2-alkDnes, 
IlCII=CClCn 3 .”’ However, butanonc was said to give a mixture of 
chlorobutencs containing an appreciable amount of 2-chloro-l-buteiio.‘” 

Tlieaction ofphosphoruspentachIorideonaTylacetones,ArCH 2 COCir 3 , 
gives a mixture of ehloroolclins, ArCFr=OCICir 3 and ArCIfiCCl^Cflz. 
If either of these pure chloroiilefins is allowed to stand, it slowly changes 
to an equilibrium mixture of the two.*** An aromatic aliphatic ketone 

(o) do Crael. Hull loc, chin. Btlj., 34, 427 (1035); (6) Bartlett and Boson, J. Am. 
Chm. Soe., 64, 543 (1{>42); (c) Delacre. BuU. we. cAin. France, JSJ 35, 343 (1900); Acad, 
toy. Bili; CtacM tei , M(m., [2] 1, 1 (1904-1906); (d) Risaeghem, Bull. toe. chim. Belg., 

31, 62 (1922). 

”• VassUov, Bull. toe. chim. France. (4] 43. 563 (1028). 

*’* Bourgucl. Dull soe. chim. France, [I] 35, 1629 (1924). 

“Charpontier, Bull. toe. e/iim. France, (51 1, MOT (1934). 

® Zaki and Iskander, J. Chem. SoCn 1943, 6S. 
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such as acetophenone A-ields mainly chIoroeth3'Iene and poljuner, but a 
little l,l-dichloroeth\dbenzene can be isolated. Phosphorus trichloride 
dibromide ^ gives a mixture of products including phenacyl bromide 
and phenacj'l dibromide. A 54 % yield of chlorost3Tene is obtained ^ 
using petroleum ether as a solvent and mixing the phosphorus penta- 
chloride -with coarseh' broken glass. The autoxidizability of the product 
is reported. Phosphorus ox3'chIoride or a mixture of this uith phos- 
phorus trichloride has been used as a solvent in the reaction of aceto- 
bromomesit3'lene or acetoisodurene rrith phog^horus pentachloride.^^'’ 
a-Chloroketones and phosphoric esters are reported as b3'-products. 

In general the reaction of aromatic meth3'l ketones 'with phosphorus 
pentachloride is a Eatisfactor 3 ' method of preparing intermediates for 
acetylene s3Titheses, since the starting materials are readil3' available 
by the Friedel and Crafts or other reactions, and there is no possibility* 
of rearrangement of the triple bond in the final step. The reaction is 
usually carried out at about 70 °. Aliphatic acety-lenes are obtainable 
in this yray in low yield onl3’, except for a few compounds like ierl- 
but3'lacet3'lene. Cyclohex3-lacet3-]ene is readily* obtainable b3* this 
method, but the 3'ield of C3*clopentylacetylene appears to be low. Table 
Y pv^ some of the more recent results obtained. The preparation of 
7>-tolyIacet3*lene b3* this method is described in the section on laboratory 
procedures (p. 50 ). 

Reaction of Grignard Reagents with Halogen-Substituted AUsd 
Hali des. The reaction of 2 ,. 3 -dibromopropene with Grignard reagents 
was first used by* Lespieau to prepare halogen compounds for acetylene 
S 3 *nthese 3 . The reaction has been carefully* studied,® and detailed direc- 
tions for the synthesis of 3 -cy*clohexyl- 2 -bromopropene have been 

^ Taylor* J. CTtrm. Soc-* 1937, 3*>5. 

^I>afralssg and "Mel, .BuIZ. eoc, c/.im. France, [4] 37, S74 (1925). 
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^3 


Yields is the Reaction op Phosphorus PEHTACMLORmE with Carbonyl 
Compounds and Conversion of the Products to Acetylenes 


Acetylene 

yield of 
C!h]on> 
Compound 

Yield of 
Acetykno 
from Chloro 
Compound 
% 

Overall 

Yield 

% 

Refer- 

Phenylacetylene 

QuantilaUvc 

37-43 

37-13 

09a 


yield of 





erode product 




p-Tolylacetyleno 

C8 

48 

33 

50 


75 

57 

43 

51 

2,4-Uimelhylphcnylacetyleno 

S2 

75* 

61 

43 

Mesitylacetyleno 

78 

71* 

55 

43. 58 

2,3,4,6-Tetramethylphcnyl- 





acetylene 


65 

47 

63 

p-CUorophenylaeotyleno 

CO 

35 

23 

43 

p-Bromophenylacctylcne 

70 

53 

37 

49 

S*Brom>2,4.0-trunethylphcnyl- 





aeetylc&s 


67 

36 

SS 

6*Napnthylacetykno 



35 

61 

2,4<Dimetliyl-3-chloi\>6-mctIi- 





oxyphenylacctylcne 



36 

69 

3>Etbvn.yl<2*mcthrliiaDhthakao 



45 

124 


80 


27 

45 

Phenrl-^-n&phtbylacctvkDO 

75-03 t 

68 

44-51 

15 

^•IVrldylaeetykno 

50 

42 

21 

?0e 

Cyclope&tylacctylene 



0 • 


CycloheTylacctykno 





(<rf-Butylacetylena 

45-100 

SO-SO 

27-73 

117 

3-Ethyl-imethyI-l-pcntyno 




39 

I'Heptyne 

70 

60 •t 


28, 74 

4'Methyl-2-pcntyiie 





5-Methyi-2-hcYyne 





2,6-Dimethyl-3-heptyno 

52 









l-(p-Methoxypl»cnyI)-l-propyDe 

24 S 

75 

IS 



• The eodium mmida method wse used for dehydroholoeenotton. 

t Crude product. 

t HOI »od Tyson, ref. 7i, prepeted M^didJorobepUne in 70% yieM but used it tor repor-phese 
dehydrohalojenatioo. Eourfuel, ref 28, oblnined 60% yields of the ooelyleno usiL* n rsiber pure 
chloro compound, snd sn overall yield of 24% m mas in nhich the chloro product ess not pun£ed 

I The overall yield eras obtained in » larger run. 

B 2-ChIoro-l-(|>-omsyl)-I-propeLe from jraunsyloeotooe. F-Methosyprofaophenone was converted 
to l<hIon>-I-(j>rams}!)-l-propea»ifl «% yield, but tM» chloride »-»s not dehydrobslogensled. 

1“ Karrer, Eppreoht. and KSnig. Ilth. Chin. Acta, S3, 272 (1040). 

1* Sweet and Marvel, J. Artu CAem. Soc.* Sd, llSl (1932)« 

“•Feist, Ann., 345. 100 (1006). 

“1 Hobday and Short, J. Chem, Soe,, 1913, 609. 



24 ORGAmC IffiACTIONS 

described.^ ^ If the Grignard solution is added to the dibromopropene 

CcHiiMgBr d" BrCH2CBr=CH2 — ^ C6HiiCH2CBr=CH2 "b MgBr2 

yields of 45-65% are usuallj’- obtained, but addition of the bromo com- 
pound to the organometallic derivative leads to the formation of complex 
substances and greatly reduces the jdeld of the desired product. Allene 
is one of the principal bj^-products. The presence also of a saturated 
bromo compound is attributed to the addition of the Grignard reagent 
to the double bond of IlCH2CBr=CH2,®’ though some doubt about the 
satmated character of the bj'^-product has recently been raised.^ 

Sjmtheses -with 1,3-dihalopropenes are complicated by the possibility 
of an allylic rearrangement -which may lead to a mixture of products. 
The reaction of such all3’l compounds -with aliphatic Grignard reagents 


BrCH2CH=CHBr CH2=CHCHBr2 


is very complicated, but nearlj' quantitative yields of 3-aryl- 1-chIoro- 
l-propenes have been reported from arylmagnesiiun halides. 
a-Naphthj'lmagnesium bromide and 1,3-dibromopropene in toluene at 
100° give a 50% jield of product. The addition of 1,3- and 2,3- 
dibromo- and l,3-dichloro-propene3 to ary'l Grignard reagents at low 
temperatures in ether results in lower jdelds than those reported above.’® 
The abnormal reaction of 1,2,3-tribromopropene -with phenj'lmagnesium 
bromide -will be discussed (p. 44). "When the five-carbon homolog of 
bromoallyl bromide (mainli’' C2H5CH=CBrCH2Br) is first com’^erted 
to 3-bromo-3-hexene and then to 3-hexyne some 1-alkyne, presum- 
ably S-methi'l-l-pentyne, is obtained o-wiog to an allylic rearrange- 
ment.’® 


C2H5CH=CBrCH2Br Cya5CHBrCBr=CH2 

CH3 

C2H5iHC^O; 


CHiUeBr 


CHj 

» C2HsiHCBi=CH2 


KOHy 


-Lespieau and Bonrgnel, Org. S’jnlhetei, CoU. Vol. 1, 18G, 2nd ed., 1941. 

>= Private comraunication. Young and Linden. Universitj- of California, Los Angeles. 
“Kirrmann, Bull. toe. <Mm. France, [4] 47, 834 (1930); Kirrmann and Grand, Compl. 
rend., 190, 876 (1930); Kirrmann, Pacaud, and Dosque, BuB. toe. chim. France, [5] 1, SGO 
(1934); Kirrmann and P.cnn. Compi. rend., 202, 1934 (1936). 

^ (a) Bert. BuB. toe. ddm. France. [4] 37, S79 (1925); (5) Compt. rend., 180, 1504 (1925); 
(c) Bert and Dorier, Bull. toe. chim. France, [4] 37, ICOO (1925); (d) Bnd., [4] 39, 1610 (1920). 
^ Braun and Kuhn, Ber., 58, 216S (1925). 

^ I^spieau and TViemann. BuU, eoc. chim. France^ [4] 45, C27 (1929). 
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Tlic lialoRpn-substitutoU /ilJyl halides such as 1,3-dichloropropcne are 
readily prepared **•**• by well-known mctliotls. 


l-ALKYNES FROM METALLIC DERIVATIVES OF ACETYLENE 


Tlic alkylation of swlium acetylidc in liquid ammonia by alkyl hali<lcs 
a\-as first rcportetl by Ixbcau and Kcon.'**"”* In this work alkyl iodides 

nx + NaC=CH -♦ nt^CII + NaX 


were emploved, but other alkT* halides have been user! and the bromides 
usually give the best yields. Alkyl sulfates «'•«« and esters of p-tolucne- 
sulfonic acid *** have also been tried; dimethyl and diethyl sulfates arc 
recommcnderl for the ssmthosH of propiue and l-butyne.“®'' 
reaction h limitetl to the int roihiclionof primarj' alkyl groups, HCIIjC 2 -, 
which arc not bninche<l on the second carbon. In tlie hands of nn exp^ 
ricneod operator j-iolds of 70-00% are usually obtained. Tlie meth<^ 
has been c.xtcnsivcly investigated and improved.**-’*^'" Some results 
obtained by its use arc given in Tabic 


« urn .na ri«h«. Am. Ch^m. s»f.44. 2M2 (lOK): Bert .nd Doricr. Bull. toe. chim 
Frantt, [i] 99, 1573 (103Q). 

* Lrbeau »nd Ticon. C^mpi. rtnd.. 194, 1077 (1013>. , > «<« «!> /iqibi 

wpiwn. C<mTt. rtnd.. <d) 198, U8». 1310 (1011): (6) 188. 894 (1010): (e) 169. 32 (1919) 
" Melnert and Ihird. J. Am. Chem. Soe.. 63, 4940 
la Hurd and Mf In^rt, J. Am, Chtm. Soc.. 69, 2S9 (1931). 

“» Kmnifeldsr and Sowa. J. Am. Chrm. S«e . 69, 1490 (1937). 

« Campbtll and Eby, /. Chem. Soc.. 63, 2CS3 (1041). 

»“ SCO Table VI, note J.p. 20. » , mostn 

'“Vaughn, Ilcnnion, Voet, and Nicuwland./. Of- OAcm.. . ( • Remhold 

'“Nicuwland and Vogt. TAc ChrmiMry »/ A>rlul*ne. Chapter* II and III. Rcnhoia 

PubUahing Corp„ New York, 1045. ni.i*pnlee 

'"(a) Greenlee. Di-«rtalion. Ohio S»a«e Umwsity, 1012: 0>) tie""® ® 

J. Am. Clum. Hoc.. 69, 2020 (1913); 67, 494 (1015). 
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TABLE Xl 

1-Alktues P20M SoDini Acettlidz; ass Aletl Bbomidis 


l-AIkyne 

Tield* 

% 

Reaction 

time 

hr. 

Mcles 

of 

Bromide 

i 

Alote of 

l-Propyne 

1 

S4t 

5 

1 

i 4.25 


1-Butyne 

S9i 

3 


1 

l-Pentviie 

So ' 

5 

17.1 

20 

1-Hex\ne 

89 

6H 

4.5 

5 

l-Heptyce 

56 


2 to 3 

Slight excess 


73 

6 

2 to 3 

Slight excess 


S3 

13 

2 to 3 

Sli^t excess 

S-Methyl-l-hesrne 

on 

(0 

6 


4.5 

lAlctjTie 

72 

22 

i 

14 

20 


•B3.5ffd 02 sikyl brotsfd?, TrHch the Uzshis:; rscicr ex=>s7i jl5 2cr:«i. 
t A slisbt cxse-s cf 32«tb7l brosids vru ts*^ Tee yitld h&£t~d oa sochsa "sras S0%, 

X Dis^hyl ealiate ^ras Tised iast^sd of etiiTl bnosid*. Tee reaetioa ’sra vi^^roas so teat addhioa 
iras sfo’sr. Tee jdeld grree is of crade raaterial. Ssire diScalties ‘srere eaco’iesered in pnridssdfls, 
and sosie materiai -ns losw The yield cf pnre prodact -vzs C5%, bai it sh^^d be possible to intprore 
tbb. 

{ IsstiSflient reaction tirse. Tbe yield "Sf^ 47^ on ssoanryl bromide taken, atd tbe recorery cf 
bromide ■'ssns 31^* The Iree-iing-pctnt cnrrfe vaa poor, probably o*King to isomers rcffnltins from 
impere isoamyi bromide* 


The Preparation of Sodium Accede and Other Metallic Acetylides 

Sodium acetj'lide is prepared commonly by passing acetylene into a 
solution of sodium in liquid ammonia at the boiling point. The reaction 
is slow because the mechanical difficulty of dissolving a gas in a boiling 
solution is increased by the vigorous exothermic reaction and consequent 
dilution of the acet>'lene by solvent x'apors and ethylene.-” This diffi- 
cultj' has been surmounted most successfully by using a metallic reflux 
condenser of adequate capacitj- cooled with Dry Ice.^^’”= Tne acety- 
lene that does not react when first pased throu^ the solution is dis- 
solved and returned to the flask by the condensing ammonia. Excellent 
directions for this method of preparation have been published.^^ If a 
suitable condenser is not available, it is probably simplest to introduce a 
large piece of sodium gradually into a saturated solution of acetylene 
in liquid ammonia with vigorous stirring as described bv Hennion.*” 

’“GrK=!ce a^a Irjyrz^r.v: 2, 75 {IEU5;. S*e sl^o referer:^ 14A 

Chapter 2, for a di.*4ru-*5;oa of the 5-.mthe«£5 cf soditim a.c«?tvl:de. 

UvTAdoti, Pro:. Irjiicrji Acai. So.. 47, IIC (1935) [cjl., 22, 0039 (1935; J. 
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The addition of a solution of sodium in liquid ammonia to a saturated 
solution of acetylene in liquid ammonia has been successful, but it is 
hazardous since the sodium solution cannot be handled in an ordinary 
separatory funnel. Small amounts of sodium acetylide have been pre- 
pared by passing acetylene into the sodium solution cooled in Dry 
lee. Tlic preparation has also been carriecl out in an autoclave at room 
temperature, but there is danger of violent axplosions, especially if a 
trace of air is present.***' *** Any of these procedures for preparing sodium 
acetylide from metallic sodium has two disadvantages: the upper u-alls 
of the flask arc quickly covered by metatlic sodium which is difficult to 
wash douTJ, and one-third of the acetylene is wasted as ethylene. 

SnC^ir + 2N’a -> 2NaC^n + IIjC=^CH, 

A preferable method cmplojdng sodium amide in place of sodium was 
discovered by Picon *** and developed by others. **‘'“**“* In practice the 
metljod is less troublesomeand somewh.nt more adaptable. The sodium 
acetylide prepared in this way contains small amounts of iron and other 
impurities, but these do not appear to interfere n-ith its use in S}'ntbcsi9. 
In fact the impurities may be beneficial, since it is reported that tho 
acetylide obtained in this way is considerably more reactive than that 
obtained using sodium.*** TTie details of the procedure ere given on 
p. 4S. 

A reactive form of sodium acetylide has been prepared from acetylene 
and a suspension of sodium naphthalene in dimethyl ether. Tho sodium 
derivatives of other aromatic hj'drocarbons can be substituted for 
sodium naphthalene, and the dimethyl ether c-an be replaced by ethers 
of ethylene glycol or of variotis polyhydroxyl compounds.***® 

The acetylidcs of other alkali and alkaline-earth metals have been 
prepared but offer no advantages for the sjmthcsjs of 1-alkynes.*** 
Patents have been issued for the sjTithcsis of mono- and di-substituted 
acetylenes from calcium carbide and organic halogen or hj’droxyl com- 
pounds, mostly at high temperatures. 

’"Picon. Compt. rend., 173, 155 ( 1021 ); SuO. joc. e«n». Fnnct. [4] 39. 709 (1921). 

’*• Ileilbron, Jone», and Weedon, J. Ckeen, Soc^ 1945, 61. 

**’* ScfOtt, IlanaWy, and Walker. J. An, CAen, Soe., 68. 2442 (1936) ; U. S. pata. 2,171,667 
and 2,171.868 [C.A.. 34, 115, 110 (1940)]. 

"'A review of these i» given in nAieara US, pp. 40-iS. ^^'eresces ds-aH.fg 

e'lpccially with their use in alkj-ne aynthesia include- (o) Vaughn and Danehy. />ree. 
Indiana Aead. Sci , 44, 144 (1934) (C-4.. 30, 429 (1030)1; (6) CampbeU and Campbell, 
Proe. Indiana Arad. Sci , 60, 123 (1040) I<7w4 . SB. 5457 (1941)]; (c) Soo. pour I’lnd. cbm. 
iUAle, Brit. pat. 298,090 IC,A., 33,2722 (1929)]; (d) Dutt, Fr.pat. 677,333 [C.A.,a4. 2950 
(1930)): («) Corson. Brit. pat. 279.095 [C-A.. S2, 2755 (1928)1: Fr. pat. 642,170 [C.A., 23, 
1135 (1929)]. 
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The Alkylatjon of Sodium Acetylide 

The alin'lufion of 5cxJimn acetylide by alkyl halides is limitcfi to the 
introduction of primary alkyl croup?, IlCiI;ClIc-. Secondary and ter- 
tiary halides and primary halides •'.‘ith hranchinc on the s<-cond carbon, 
R;CHCHr-, give only traces of I-rdkjme; the principal product is the 
alkcne formed by dehydrohalogcnation.*''-'- Tlic reactivity of the ally! 
halides -Kitli sodium acetylide increases unth the atomic weight of the 
halogen and decreases with increasing size of the alkyl group, !^^ethyl 
chloride gives propyno in 549c yield in sixteen hours, all the halide l>eing 
used, but Ti-butyl chloride yields only 3Q9c of l-h(rx>-ne after {wcnty-6ve 
hoursd“° Aryl halides cannot be emp!oye<i; they cither fail to react 
(clilorobenzcne) or undergo ammonolysis only (o-ehloronitrobenzene).-'^ 
Products other than i-aUrj-nes are obtained vrith vinyl cliloride,-'^ 
l-bromo-l-lmtyiie,’“' and chloromcthyl ether.'*^ Yields of Gri-75% of 
ethers of S-bufjm-l-ol have Ix-en obtained from a number of ethers of 
ethylene bromohydrin ROCHzCHjBr.^ Ethylene bromohydrin gives 
mainl}- acefaldeh;.'de.“- 

,:VIlyl halides react withsodiumacctylide“' '-"to given mLxtureof uniden- 
tified compounds containing eight and eleven carbon atoms. Tliis anom- 
alous result is attributed to metalatioa of the methylene group of I-penten- 

CHi=CHCn:Br-rX 2 C^sCII — CH:=CnCH:C=HCII -f 2C2B.* 
CH:=CECH:C^Cn-hNaC^n — Cnj=CHCiTNyC^CH-rnCteCH 
CHi=CHCHNsCs=CH-f-CH:=CHCH:Br — CH;===CHCHC^sCH-rN2B.- 

CH;CH=CH; 

4 -;-ne. The e!ev-en-carboa compo-jnd CH2=CHC(CH2CH==CH;)2 

f 

C^H 

wo-old be formed from CH2==CH— CHCHoCH=CH- bv further reac- 

1 ■ ■ ' 

CsCH 

tion with sodrom acetylide and allyl bromide. Analc^ous products were 
obtained from methallyl chloride.-^ 

Alkyl bromides, especially if pure, give the best results, since they 
are more reactive tn . a n chlorides yet produce smaller amounts of 
amines tnan the iodides. The synthesis b.i> been carried out in an 
autoclave at hi^er pressures and tempsratures.^--^^--® but. except with 

W Wec=, Or-.p!. rjTvi. 16S. S25 (1915). 

— ZIcCasxsr KrosgET, Jl Arp. C?.pi. &X., 59, 213 (ISSTK 

— Xespissji z=.~. B-AL rr-z. chirx. Tzizr-jn, [4] AS, 423 (1931). 
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chlorides, the host results arc obt^ncd at atmospheric pressure at the 
boiling point of liquid ammonia. 

Tlie chlorides and even the bromides are not re.idily separated from 
the alkj-ncs, and cfEcicnt fractionating columns must be used in purify- 
ing the products. A column of 25-plate efficiency gives l-hepljme and 
I-octj-nc of high purity.*“*“* No satisfactory chemical method of 
removing the halogen compound has been discovered. A large 
excess of sodium acetylide is ineffective in reducing the amount of the 
impurity, but with verj* efficient stirring less halide is found in the 
product. 

Tlio yields are lowered by entrainment and vaporization of the nIkjTie 
during the addition of water to the liquid ammonia solution at the end of 
the reaction unless adequate precautions are taken, such as the use of 
an efficient Dr^’ Ico-coolod condenser ***•’“ (p. 4S). The removal of 
the ammonia before hydrolysis is not advisable, for the hot concentrated 
sodium hydroxide produced on addition of water moy then rearrange 
the l-alkimc. Tlius, in the reaction of butyl bromide and sodium 
acetylide, removal of ammonia followed by addition of water gave a 
product boiling at 71-72’ containing only 70% of l-hcxjTie.*” 

Organic solvents do not improve the >ncld in the synthesis and are 
often detrimental, although small amounts of ether may increase the 
rate of reaction slightly. The >ncld3 are not altered by substitution of 
cadmium, aluminum, or iron containers for the usual glass flask; stirrers 
of Monel metal, nickel, Nichrome, brass, and glass have been used. 

Tlic application of the liquid ammonia method to dihalides has been 
succc-ssful.**^'** l,(>-IIpptndi>Ticaad l,8-nonadi>Tie are obtained without 
difficulty from trimcthylenc and pcnlamethylene bromides in 4(M3% 
and 84% yields, respectively.*" The crude yield of the former is 70-74%, 
but 13% of low-boiling m.atCTial, possibly 2-peaten-4->Tie, is present, and 
the product is difficult to purify on accoimt of poIiTnerization. 1-Bromo- 
3-chloropropane gives a 57% yield of 5-clUoro-l-pciitj’ne.*" Compounds 
leaving halogens on adjacent rarbon atoms usually imdergo dehydro- 
halogenation,"^*"-*** and methylene chloride gives unidentified mate- 
rial.*" 

Alkyl sulfates may be used in the alkj'lation instead of halides '*^'*" 
and sro superior ior the of prqpyiiD and 1-butyne. **'*** It 

should bo remembered that only one of the alkyl groups in an alkyl 

The physical constants of (be pure a^kynes are eiTOit in references 140 and 24J. They 
are aho pven in Scieeled Value* of PmpertM* of llydrocarlMn*, American Petroleum 
Institute Uescarcli Project 44, National Bureau of Standards. Washington, D. C. 

“ Seo the private communication from Hurd cited by Vaughn, Ilennion, Vogt, and 
Nieuwland, J. Org Chem , 1, II (I9S7). 

“• Lespieau and Journaud, Compi. read, 188. 1410 (1929). 
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^ate reacts. It is noteworthy that diisopropyl sulfate gives 29-50% 

iJelS^^proS^and butyl esters of _}>.toluenesulfoiiic acid^^ 
alkj-late sodium acetvhde in liquid ammonia in 37-47% juelds, bu so 
eSrf Ich as the amyl cannot be used.- No allcjdation is obtamed 
with tributyl phosphate, amyl acetate, or butyl acetate. 

Sodium acetv^lide, prepared from acetylene and sodiuin naphthalene m 
a suitable ether solvent, furnishes propiolic 

bonation and is reported to undergo alkylation with alkyl hahde... 


Side Reactions in the Alkylation of Sodium Acetylide 

The by-products in this alkj’lation reaction are as follows: olefins, 
amines, ethers, alcohols, disubstituted acetylenes, and acetylene 

Olefins. As mentioned above, secondary and tertiary all^'l halide, 
and primars- alkj-l hahdes branched on the second carbon, give mainly 
dehvdrohalogenation to olefins in the albj'lation reaction. When care- 
fully purified primary bromides, RCH 2 CH 2 Br, are used this o e 
formation is unimportant.*^ The alkenes may arise in part as a result ot 
the action of the alkjd halides with sodium amide, sodium hydroxide, 
or sodium alkoxides present in low concentration, but sodium acetylide 
is a strong base and might be expected to cause some dehydrohalogena- 
tion. Since the olefins have two fewer carbons than the desired acet- 
ylenes the separation is not dfficult. 

Amines. The reaction of ethyl bromide or iodide with liquid ammoma 
to produce a mixture of ethyl amines — has been found ****■— to repre- 
sent a general reaction of alk\-l halides and to occur in 1-alkyne synthes^. 
Iodides react most readil 3 ' and chlorides least. The amines obtained 
as bv-products in the acetj-lene preparation consist of about equal parts 
of primaiy and secondarj- with variable amounts of tertiarx*. At atmos- 
pheric pressure and 34° this side reaction is unimportant with bromides, 
but at high pressures and temperatures it is significant. Alkyl sulfates 
^ve higher jdelds of amines as bj^-products. 

Ethers and Alcohols. The presence of moisture maj^ result in the 
formation of ethers and alcohols bj' the following reaction. 

NuCjH RX XjCiH HX 

H;0 ^ NaOH > ROH > ROXa > ROR 

The Williamson sjmthesis of ethers has been shown to proceed smoothlj 
in liquid ammonia.— Alcohols maj' also be pr^ent as impurities in the 

^ Picon, Bull, toe, chim, France, [4] 35, 979 (1924). 

Vanshn, Vogt, a.ad J. Am, Cherru Scc,^ 67, 510 (1935). 
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alkyl halides and lead to ether formatioa.>« Ethers were isolated in 
1% to 5% jdclds by fractionation of the residues from the distillation of 
l-alfcjT3es,**-‘“ and alcohols were ordinarily present in amounts less 
than 1%. Pure bromides give no significant quantities of ethers although 
commercial bromides sometimes ©to several per cent. 

Disubstituted Acetylenes. A small amount of disiibstituted acetylene 
usually can bo isolated from the reaction of sodium acetylide mth an 
alkj-1 halide in liquid ammonia. A\’hcn butyl and amyl bromides are 
used, 2S% and occasionally up to 30% of dialkjdacetylenes may be 
formed.”^*** Much less of these by-products has been reported by 
others,”* and it has been suggested thej' arise from the presence of sodium 
carbide. The presence of sodium carbide in metallic acetylides prepared 
in liquid ammonia is disputed.***"*** Certain results ******* suggest that 
an equilibrium exists between sodium acetylide and sodium carbide. 

2NaCsCH ^ NaOsCNa + HfeCH 

Such an equilibrium is well established for the Grignard reagent from 
acetylene (p. S2). 

Acetylene. Some acetylene usually is produced in the final stages of 
this Bjuthesis,*** but it is readily removed if the product is properly 
fractionated. 

Other Impurities. The following have been listed ******* as possible 
bj'-products: rearranged hydrocarbons resiJting from the action of 
strong bases such as sodium acetylide, dimethylethynylcarbinol from 
incomplete removal of acetone from the acetylene, peraxides produced 
by the action of air or sodium peroxide, and polymers. A small amount 
of poljTnerization usually occurs when the higher-boiling alkynes are 
distilled. These side reactions arc ordinarily unimportant, although the 
rapidity with which the physical constants of acetylenes are changed by 
peroxide formation on exposure to air has been stressed.*******'”* 


Acetylene Mono- and Di-magnesium Bromide 

Acetylonemagnesium brwnidc and acetylenodimagnesium bromide 
have been used In the synthesis of manj- acetylenic compounds. A 
mixture of these which behaves m^y as the dimagnesium derivative 
was first prepared by lozitsch “* and is easily obtained at ordinary 


“•Moissan, Conpt. rend., 137, PIl (189^ 

See reference 142, p. 17, and 143, pp. 41, 44. 

Ileisig and Hurd, J. Am. C!iem. See.. #S. 34SS (1933). 

‘“The estensivo work of loiitsch is noteworthy: J. Russ. Fhys. Ckem. Sec., 34, 242 
{1!){>2);35, 43J. 1209 (1903) ,'38, 352. 656 (1906); Bett. toe. cAim. Trance, 13J 80,210(1903). 
[3] 32. 552 (1004): [31 84, ISl (1905); [4] 4,931. 1203(1903). 
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pressures; its reactions Tritli many carbonyl compounds have been 
studied. The proportion of monomagnesium derivative in the mixture 
is influenced bj^ the amoimt of acetylene, but even -when excess acet- 
j'lene is present some glycol is produced in the reaction vrith an alde- 
hj’^de.^^^® B}' using excess acetylene under pressiue Avith efficient 

stirring it is possible to obtain a solution uhich behaves mainly as the 
monomagnesium derivative-^^-^® The preparation of such a reagent 
using a shaking machine has been described.^” The reaction between 
acetylene and ethj'hnagnesium bromide is allowed to proceed at ordinaiy 
pressure and temperatme until ethane is no longer evolved (seven to eight 
hours), and the reaction is completed by several hours’ stirring and reflux- 
ing under acetjdene pressure of half an atmosphere. On carbonation this 
solution ^ves a 62% jdeld of propiolic acid and a 10% xdeld of acetylene- 
dicarboxylic acid.^” The reaction has been improved so that an 87% 
yield of propiolic acid can be obtained.’’® 

The composition of the Grignard solution prepared at atmospheric 
pressure has been investigated.”" It is not safe to estimate the propor- 
tions of mono- and di-magnesium derivatives present from the amounts 
of mono- and di-substituted acetylenes obtained in alkjdation or addition 
reactions because the following reactions can also accoimt for disub- 
stituted compoimds. 

RX + HCsClvIgBr RCfeCH -f ATgXRr 
RfeCH -1- HCsCSIgBr RC^CNIgBr -f HCfeCH 
RC^CaigBr d- RX RCfeCR -b MgXBr 

The alkj'Iation of the Grignard reagent of acetylene has not been 
studied extensivelj', although it appears to give rather satisfacton' 
jdelds of l-aUcjmes under the special conditions alread 3 ' mentioned.’^ 
Benzyl bromide gives a 70% jdeld of 3-phenj-lpropj-ne, 8% of 1,4-di- 

Wieland and Kloss, Ann,, 470, 201 (1929), have described the preparation and use of 
STicb a solatioix. 

^ Oddo, AUi. arcad. nor. Linixi, (5] 13, II, 1S7 (1901) ZcrJr., 1904, H, 9^3) : 

fforr. chim. ilal., 34, IT, 429 (1904); 38, I, 623 (190S). 

Grignard, Lapayre, arid Tcbfoulaki, Compt. Tend., 187, 517 (192S). 

Tcb£oafati, Conlribt. Inet. Chcm. Kali. Acad. Peipinc 1 107 (1934) fC 1 29, 2513 
(1935)]. 

^ Dane. Hoss, Bind.=e3, and Schmitt, ,4nn., 532, 39 (1937). 

■^ZaDdnd and Eosenfeld. Bcr., 57. iez?0 (1924); Kleinlener and Lohmann, Ber., 71, 
260S (193S). The latter vorlte.-s U5.ed a Hnetic method and concluded that, contrarj- to 
common belief, the monomagnesiuia derivative is formed first. The foUotcing reactions 
account for their results, 

CrU. d- CrHrMgB- mt HCmCMgBr -h OJBt 
2 nc = CMcBr mt B.-MgCmCMgBr d- C-H, 
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phenyl-2-butj'nc, and 12% of acetylene, while butyl bromide produces 
72% of I'hc-Tj-ne. The solution obt^cd when only 1 mole of acetylene 
has been absorbed in 1 molo of ethyl- or phenyl-magnesium bromide 
produces 39% of l-hexjuie and 30% of Snlecjuie by reaction with butyl 
bromide and only 20% of 3-hexj-ne with cth 3 'l bromide. The reactions 
with butyl bromide are carried out at 80-90®. MTien the acetylenic 
Grignard reagent is prepared by the procedure of lozitsch and allowed 
to react mlh primary alkyl halides, the products include saturated 
hj'drocarbons and olefins as well as disubstituted acetylenes which are 
produced in low yields onlj’.*® Butyl bromide gives C«IIio, Cilfs, a 
polj-mer of the latter, and a little 5-<lccyne. Isoamyl bromide behaves 
similarl}’, but no O-octadceyme is isolated when n-octyl bromide is used. 
No l-alkymes were reported. B’ieland and Kloss '** obtained onij’ di- 
substituted acetylenes under comparable conditions from benzohj’drj'l 
chloride and triphcnylmcthj'l chloride. 

Hie reaction of allj’l bronddo with the monobromomagnesium teageni 
was reported to give allylacetylcne in 75% yield, but this result could 
not bo duplicated.'** Tlio reaction of allyl bromide with alkylacetylenio 
Qrignnrd reagents occurs oulj' In the presence of catalysts such ns cuprous 
or cupric salts (p. 34).'™ 'ITieso catal^’sts have not been tried witii the 
Grignard reagent from acetylene. 

THE SYNTHESIS OF DISTOSTrttrrED ACEmENES 

The sjuthesls of pure disubstituted acetylenes with two aliphatic 
groups attached to the triple bond cannot be accomplished by the usual 
dehydrohalogenating agents since these reagents cause a rearrangement 
of the acctj’lenic linkage. Such compoimds are best prepared from 
metallic derivatives of acetylenes and alkyl halides in liquid ammonia 
or alkyl sulfates in ether or other solvents. 

Alkylation in Organic Solvents. Nef reported the methylation of 
phenylacetylene by heating it with methyl iodide and potassium hj'- 
droxide, and Slorgan obtained 1-phenyl-l-butyne by ethylating 
sodium phenylacctylide ^-itli ethyl iodide. Both reactions were carried 
out in sealed tubes at about 140®, and low yields resulted. Rxeept in 
liquid awimmia., the ©KUmn derivatives of acetylenes are remarkably 
inert toward alkyl halides, zmd vigorous, deep-seated decomposition 

“• Mftlinovskil Mid Fedos«v, Tredy Gor'lo* GomJartl. Ptdagoi. Imt.. 1940, No. 6, 43; 
lUffral. ZK»t., *, No. 2, 40 (IWl) Sf. 30W 

*'* Grignard and LapajTe, Cofflf*. rend., 192 , 2S0 (1931). 

'"Danehy. Killian, and Nieuwland, /. Am. Cftm. Soe., 58. 611 (1936). 

J’* Nef, Anru, 810 , 333 (1900). 
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occurs at temperatures sufficiently liigh to bring about a reaction.^” 
Silver, cuprous, and mercuric acetylides are also inert toward allo’i 
halides. 

Acetylenic Grignard reagents are less reactive than alkjd- or aryl- 
bromomagnesium compounds as measured by their tendency to add to 
benzonitrUe,*^ and the reaction of these reagents ivith saturated ali- 
phatic halides is without sj-nthetic value, although verj' low j-ields of 
dialkj'lethj-nes from alk3mylmagnesium bromides and tertiary alk}'! 
halides have been reported.**' The j-ield of SjS-dimethyl-d-nonjme from 
hexynylmagnesium bromide and teri-amyl bromide was onlj' 3%. With 
more reactive halides the S3'nthetic results are better. Phenjdethj'njd- 
magnesium bromide reacts with triphenj-lmethjd chloride,*'^ benzohj'drj’l 
bromide,**^ and a-furfurjd chloride to give satisfactoiy' jdelds of the 
expected disubstituted acetj-lenes. Its reaction with alljd bromide to 
form l-phenjd^penten-l-jme, CcH5C^CCIl2CH==CH2, in 70 % i'ield 
has been described but could be duplicated ™ onW in the presence 
of catalj'sts such as cuprous or cupric halides or cuprous cj*anide. 
AlkjTayhn^*g*iesium bromides failed to react with allj-l bromide on 
standing with frequent stirring for twenty-three daj'S or bj' refluxing 
for two to twelve hoims in benzene or di-a-amjd ether without catalj'sts. 
Cuprous chloride and bromide are the best catalysts, gi^nng high jdelds 
of the enjme IIC^CCH2CH===CH2 with n-amjd-, 7 i-but 3 -I-, phen3'l-, and 
vinyl-eth3'n3-lmagnesium bromides. l-Octen- 4 - 3 -ne is readily formed 
from all3'l chloride and pent3Ti3-lmagnesium bromide in the presence of 
cuprous salts.*^ It has been suggested that the difference in the results 
of the earlier and later investigators might have been due to impurities 
in the magnesium in the initial experiments. These catah’sts are not 
effective in promoting a reaction between acet3denic Grignard reagents 
and allo’l halides of normal reactivit3'.**” However, methylene iodide 
and phen3'lethyn3-lmagnesium bromide were reported to give an 8% 
5-ield of l, 5 -diphen 3 'l-l, 4 -pentadiyne,*'® CeHsCfeCCHoC^CCeHs, but 
methylene bromide failed to react.*^ Likewise, chlorometh3d ethers 
and chloromethyl esters were unreactive either with acetylenic 
Grignard reagents or with the sodium derivatives. 

In the preparation of Grignard reagents from monosubstituted acet- 
3'lenes, eth3'lmagnesimn bromide appears to be superior to methT'l- 
magnesium iodide; the use of 3 moles of ether for each mole of metaUic 

“ Jolmson, Schwartz, and Jacobs, J. Am. Chem. Soc., 60, 1SS2 (193S). 

« G ilman . St. Jolm, St. John, and Uchtenwalter, Bee. fror. diim., 55, 577 (1936). 

“ CampbeE and Eby, J. zlm. Chem. Soc., 62, 179S (1940). 

^ Gihnan, Van Ess, and Bnrtner, J. Am. Chem. Soc., 55, 3461 (1933), 

^ Grignard and Inpayre, BuB. toe. chtm. France, 14] 43, 141 (192S). 

c? Hennioa and Bell, J. Am. Chem. Soc., 65, 1S47 (1943). 
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derivative has been recommended.*” Phcnylmagnesium bromide is also 
satisfactorj-, but since no gas is evolved the course of the reaction is less 
easily followed. 

l,4'Di>-ne3 have been prepared by the reaction of substituted pro- 
pargj’l bromides and sodium alkymidcs nt 140®.'” Although the corre- 

RC^eXa + RrCIIjC^CR' ^ RC^CCIIjC^R' + NaX 

spending acetylenic Grignard reagents fail to react on boiling for six 
hours in toluene, the use of catalj^sts *” might make this reaction suc- 
cessful. The j-iclds arc only 15-20% even though the bromo compounds 
react to the extent of 80-90%. By-products include pcljuners and tri- 
and tetra-acctylenes, for the central methylene group is sufficiently 
acidic to form sodium dcrix-ativos (RC=CCHXaC^CR') that may 
react nith part of the bromide. Attempts to prepare aiyl-aliphatic or 
diarj’l.l,4-diacctylenes failed, and onl 3 ' polimers resulted.'” The satu- 
rated Grignard reagents, on the other hand, were reported to give at 
ordinary temperatures almost quantitative yields of disubetituted 
acetylenes rvith propargjd bromides of the tj^pe RCfeCCIIzBr; the 
sjmthcsis of 4-dec3Tic from l-bromoSKwtjTie and ethylmagncsium 
bromide was cited as an example.'” The yield of benzylphenylacetyleno 
by this procedure was only 27%.** The raetliod has been used to prepare 
4^tynefrom cthylmagnosium bromide and l,4-dibrorao-2-butyne.*“* It 
has also been applied to fertiaiy propargl'l ehlorides IICWCC(R'R')C1, 
which react mth concentrated Grignard solutions at C9-60® to gix’e the 
disubstituted acetylenes in 00-74% jields."* Although some care was 
taken to est.ablish the carbon skeletons of these acetylenes, similar 
reactants have more recently been reported to gi\-e allenes in fair 
j'ields.'*’^ An allylic rearrangement of the halogen of the propargjd 
(CHj)iCClC^CCII, + RMgX ^ (CH,)sC=C=CRCir, 
halide may also complicate the si>Tithcsis at earlier stages.'*" 

RiCXC^CR R:C=0=CRX 

1,5-Diacetylenes may be prepared bj' coupling two molecules of sub- 
stituted propargj-1 bromide uang magne^um or sodium, magnesium 
ginng 50^% yields.'" If excess sodium is used some reduction occurs 


Tchao Vin Lai. BuU. «>e. cMm. France. Rl 63. 6S2 (1933). 

"> Tchao Yin Lai. Bull toe. ehim. France. R] 63. 1533. 1537 (1933). 


Johnson, J. Chem. Soc.. 19*6. 1009. 

Zskharera. J. Gen. Chem. V£JSJl„ IT. 1277 (1W7) IC.A., 42. 3722 (191S)I. 
Johnson. The CAemiUrvofthe Accti^arCompaund*, VoL I. The Alcohcdi 


EdwanJ Arnold and Co.. 1946, p. 63. 

Tchao Yin Lai, Bull. toe. chin. France. RJ 63. 1543 (1933). 
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to a 7 -enync. Sodium amide poboncrizos these dijmcs, presumably bj’’ 
first rearranging them to /SkIijiics. 

The alkylation of all;yl or aryl acetylenes by allcyl sulfates or sul- 
fonates in ether or high-boiling inert solvents is an excellent sjuithetic 
method for preparing disubstituted acetylenes. Gilman and Beaber 
appear to have been the first to apply this reaction when they prepared 
4-cliloro-l-phcnyl-l-butyne, (CoHsCsCCHoCITsCl), b}^ interaction of 
phenylethjTiylmagnosium bromide and /9-chlorocthyl 7 >-tolucnesulfonate. 
A number of monosubstituted acetylenes have been methylated in about 
80% 5 'ield bj^ treating the sodium deri\'ativcs vith excess dimethyl 
sulfate.^ These jnclds are based on the unrccovered alkjme. Various 
esters of aromatic sulfonic acids react readily with sodium alkjTiidcs or 
acetylenic Grignard reagents in ether, tetralin, or mineral oil. It 

is often advantageous to substitute dibutyl ether or toluene for diethyl 
ether as the solvent. The bromomagnesium alkjmide has the disad- 
vantage that two moles of the sulfonic ester are necessary. The 

RCsCMgBr -f 2 i>-CH3CcH,S03R' 

RCfeCR' + RTJr + (;>-CH 3 C 6 H 4 S 03 ) 2 jMg 

reaction of phe&i’lethjTij'lsodiiun with benz}'! or /S-cliloroeth}’! J>- 
toluenesulfonate fails to give benzylphenjdacetylone or j3-chloroethyl- 
phenylacetylene, although these compounds are readilj' prepared using 
phenylethjmylmagnesium bromides.”®’'” 

The verj^ sensitive phenoxyethimylmagnesium bromide gives satis- 
factory jaelds of l-phenoxyhexjme uith butjd p-toluenesulfonate, but 
the yield of l-phenoxj'butjme A^th ethyl p-toluenesulfonate is low.'”'’ 
Disubstituted acetj'lenes har^e been prepared in good jdeld b}' the reac- 
tion of acetylenic Grignard reagents with alkj’l sulfates in ether.'”* 
Table '^TI summarizes the sjmthetic data on disubstituted acetylenes 
prepared by these methods. 

Alkylations in Liquid Ammonia. The first alkjdation of the sodium 
derivative of a monosubstituted acetylene in liquid ammonia was carried 
out by Heisig,'”'''”® who treated propjmylsodimn vdth methyl iodide or 
dimethyl sulfate. Alkjd sulfates, sulfonates, and bromides were used 
for alksdation of ATn5dethjmylsodium in liquid ammonia.'”” The jaelds 
were moderate except with heptyl bromide, which gave 80% of 1-heptyl- 
2-ATnylacetylene. Propyl-, butyl-, amyl-, and phenyl-ethynylsodium 

Gilman and Beaber, J. Am. Chem. Soc., 45, S39 (1923). 

Truchet, Ann. chim., [10] IG, 309 (1931). 

Thorn, Hennion, and Nieuwland, J. Am. Chem. Soc., 58, 796 (1936). 

*®lHeisig, J. Am. Chem. Soc., 63, 3245 (1931). 

Jacobson and Carotbers, J. Am. Chem. Soc., 55, 1622 (1933). 
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TABLE \’n 

DisrTtsfTrrcTEB AcrmxxEs Prepareo bt Variocs Methods 


Sdlrent • 

YkIJ t 

Method t 

EUht 

2S 

1 

Ether 

s 

1 

Ether 

39 

1 

Ether 

55 

2 

Ether 

SI 

2 

Ether 

TO 

1 

f Ether 

S 

1 

{Ether 

TO 

2 

iTelralin 

33 

4 

Ether 

S 

1 

TetniUa 

50 

4 

VAst-line 4^ 

47 

4 

Tctralin 


4 

Va^eliDO oil 

70 

4 

Dibutyl ether 

C3 

4 

Benzene 

23 

4 

Dibutyl ether 

65 

4 

Ether 

S 

1 

Ether 

13 

] 

Ether 

83 

2 

Ether 

85 

2 

Ether 

£0 

2 

Tetnlin 

44 

4 

Deozene 

56 

4 

Dibut>l ether 

77 

4 

Ether 

45-75 

3 

Yttrehne 

65 

4 

Dibutyl ether 


4 

Vaseline 

57 

4 

Toluene 

65-70 

4 

Ether 

72 

3 

Ether 

28 

3 

Ether 

50 

3 

Ethw 

IS 

3 

Ether 

52 

3 


4- MelBjl-2-pcnt\nc 

2-IIeptjTC 

2-Me thj l-3-heijTie 
4,4-Diincthyl-2-pentjTie 

2- Octync 

3- Octyne 

2- Nonino 

5- Konyne 

3- Dpcyne 

4- D«^e 
frUndpcyno 

5- DodKjTie 
^Dodecjme 

l*Chloro-4-tridPO'o« 

l»IIcsfn-3-}no 

6,S*Tride«dijT» 

l-C>*cloheT)l*2-but)"n« 

5-Cjelol)C!t>l-2-peotju« 

6^yelohcs)-l-2-h<i7De 

l-rhpn>l-l-prepjTie 

1-PhcoyH-butjue 

l-Pben>!-4-chlon>-l*butjne 
l-rhpn> H-pent yne 
l-Phcnj V^hloro-l-pcnt yne 
1-PhenyH-bciyne 

l.S-Diphcnylpropj-ne 

I'p-Bromophenyl^pbenyH* 

propjTie 

3-p-BrotnophenyH-pbenyI-l* 

propj-ne 

l-Phenosj’-I-butj-ne 

l-Phenoxj'-l-hexyne 


•The sodium deriTstirw were UfusEr prefwpea ui . 

BeUtioou* and difficult to itir. . 

t Methods. (1) Griinaid reagent and auBate, CT •«“ 
and euBonate; (O acdium allrnida 


....^ . — added 

r leH probahl^p m other 
lures the deriratiT* is 


. eulfate. (3) Grignaid reagent 
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■were alkylated Tritli a varietj* of alkjd halides and sidfates.^^*^ Bro- 
mides -were reported to be the most effective aUq'lating agents, followed 
by iodides, sulfates, and chlorides in that order. The molecular weight 
of the alkjd group did not appear to influence the jueld in the narrow 
range studied. The j-ields using bromides were between 42% and 58%, 
and the reaction could be carried out at atmospheric pressure or in an 
autoclave. 

The preparation of a l-aUsyne from an alkyl halide and sodium 
acetylide, its conversion to an aUjynj’-Lsodiiun -with sodium amide, and 
the reaction of this derivative with alkjd halide to give a disubstituted 
acetylene can be conducted successively in one liquid ammonia 
solution to yield dialkylethjmes in excellent jdelds and "with saving of 
time.^ The success of this method was attributed to the greater 
solubilitj' of sodium acetj'lide relative to sodium amide and to the greater 
reacthdty of 1-aIkynes towards sodimn amide. For symmetrical acet- 
ylenes it is sufficient to mix sodimn acetjdide, sodium amide, and alkyl 
halide in the molar ratio 1:1:2 -ndth vigorous stirring. The foUo'vmg 
reactions take place. 

HCsCXa -f EX ECfeCH -{- XaX 

ECfeCH -f NaXH; RCfeCXa -f XHs 

RCsCXa -f EX RCfeCE -f- XaX 

Bromides are the most satisfactory alkj-lating agents at atmospheric 
pressure, and chlorides give only low yields. Chlorides are more effective 
in an autoclave, but -without stirring the yields remain lower than from 
bromides at ordinary' pressures. 

TJnsymmetrical acetylenes can also be produced -without the isolation 
of the intermediate 1-alkj-nes by adding an alky'I bromide to sodium 
acetylide in liquid ammonia, treating the solution after some time -with 
a liquid ammonia suspension of sodi um amide, and finally adding the 
second alkyl halide. 

These methods are limited to alkyl halides of moderate molec- 
ular weight.^^ 'With 7i-octyI bromide the yield of 9-octadecyne, 
CH3(CH2)7C^C(CIl2)7CH3, is only 15%, although 75% of l-decjme, 
CH3(CH2)7C=i=CH, is also produced. The yield of 9-octadecyne in- 
creases to 27% at 8 atmospheres and only 15% of 1-decyne is isolated. 
Decyl bromide ^ves only decylamine and 1-dodecvne at atmospheric 
or higher pressures. 

The introduction of a heavier alkyl radical first bsg been £Ug- 

Bri^ and IIcnrdoTj, J. Aru Soc^ 59, 1310 (1937). 

^ Eried B=.d Hennicn, J. ,4m. CTot. Soc^ SO, 1717 (1935). 
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pstcd,"- find several new disubstituted acetylenes have been prepared 
in this way. 

The use of two liquid ammonia condensers “* mounted one above the 
other has been proposed.'” A metal condenser cooled with Dry Ice 
is more effective and enables one to avoid the troublesome transfer of 
the sodium amide in liquid ammonia by passing into such a suspension 
just half enough acetylene to conwrt it to sodium acetylide. The result- 
ing mixture is probably disodium acetylide ammonolyzed to an u^kno^vIl 
C-xtent. A simplified tn-o-step process for preparing disubstituted 

NaCfesCNa -|- Nil, ?± NaC^CII + NaNHj 

acetylenes in which the intermediate 1-aIfcyne is dried but not purified 
after hj'drolysis, and is converted to the alkynide by addition to sodium 
amide in liquid ammonia, has been devised."* 

Table VIII summarizes the more recent results on the synthesis of 
disubstituted acetylenes by these methods. 

Sodium amide is superior to metallic sodium for the formation of 
sodium alkynidca in liquid ammonia os it is for the formation of sodium 
acetylide (p. 27). The reduction of higher acetylenes to olefins by the 
metal has been observed. Tlie report tliat the hydrogenation 
is less extensive than with acetylene has not been confirmed in other 
laboratories."*-'" Some reduction also occurs \vhen sodium is used to 
form acetylides in inert solvents such as ether,’” but this side reaction 
is less important here tlian in liquid ammonia. The use of sodium amide 
in inert solvents has been recommended because the reaction is more 
rapid and there is no danger of hydrogenation.” Furthermore, it is 
difficult to accomplish a complete removal of the metallic sodium because 
of the tendency of some of the derivatives to form a protective coating 
on the metal. The quality of the sodium amide is an important con- 
eidcration (p. 9). 

Sodium derivatives have been prepared in liquid ammonia, this solvent 
being replaced with benzene, toluene, or ether before alkylating; 
this procedure appears to offer no special juivontages. 

Acetylenic Grignard reagents can be alkylated in low yield in liquid 
ammonia Bolution.'” 


”* Vaughn and Po*i!. /• Chan. Sdue., t, 2433 (1031). 

Lebeau and Picon. Compt. rtnd.. X87, 137. 223 (1913). It waa reported that phenyl- 
acetylcne gave ethylbentene. 

"* <o) Lagcrmark and Eltekov, J. Huu. FhU*- CK"- Sne., 11, 125 (1879) : Ber., 12, 854 
(1879); (i>) Pavorskit. J. Hint. Phv- Clei*. Soe , 19, 653 (1887) [Chtm. Ztnlr.. 19, 242 
(1888)1; (c) Moureu and Delange, Bull, toe, ckim. Franct, [3] 25, 302 (1901); (<i) Fuaon 


and Mock, J. Ort- Chem., 10. 651 (1945) 

Hennioji and WoU, Proe. iTitiCana Aead. SeL, 48, 93 (1939) [C.A., 83, 6794 
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TABLE Vm 


PisOT sm oT E D Acetylenes Pbeeased in Liquid Ammonia 


Disubstituted 

Acetylene 

Yield * 
% 

Reference 

Disubstituted 

Acetylene 

Yield ♦ 
% 

Refer- 

ence 

2-Butyne 

36 

10b, 185, 144 

7-Methyl-3-octyne 

35 

54 

2-Pentyne t 

59 

144 

5-Decyne 

69 

140, 187 

2-Hexyne 


140 

8-Methyl-47-nonyne 

35 

54 

3-Hexyne t 

75 

144, 140, 187 

S-Undecyne 

60 

54 

2-Octyne § 

58 

144, 140 

6-Dodecyne 

30 

187 

3-Octyne 11 

64 

144, 140, 187 

7-Tetradecyne 

38 

188 

4-Octvne 

60-66 

54, 144, 140, 187 

9-Octadeeyne 

15-27 

188 

4-Octyne ^ 

81 

144,54 

1-Phenylpropyno ft 

50 

54 

S-Nonyne ** 

35 

54 

2,7-Nonadij'ne ft 

76 

144 


* Based on alkyl bromides. IVben two different halides were used the yield was based on the heaaaer, 
•which was introduced first. The oae-«tep process was xised except as noted. 

t Two-step process using dimethyl sulfate first and transferring the propyne and ammonia as a gas 
to the second flash containing sodium amide in liquid ammonia. 

J This is the only experiment employing the new technique of metering into a sodium amide suspeo- 
eion just half as many moles of acetylene. Bried and Henniom ref. 187, obtained only 47% hy the 
standard one-step method, Using diethyl sulfate the yield was 37% but the product was tinusually 
pure (ref. 144). 

5 Two-step process. Yield based on l-heplync and allowing twelve hours. Recovery of 1-heptyne 
was 20%. A longer reaction time was recommended. Using l-propyne and amyl bromide the jneld 
was 56% and the 2-octyne was very difficxdt to separate from the bromide. 

g In the simplified two-step process a yield of 67% was obtained and 16% l-bexyne was isolated 
(ref- 144). 

^ Two-step process. 

** The two-step process gave a 54% j-ield (ref. 142). 

•ft Based on phen 3 'lacetylcne. Dimethj'l sulfate was used. A j-ield of 43% was reported uria? 
methyl iodide (ref. 142). 

t* Based on 1,6-heptadiyne; 3% was recovered and 5% of l.C-octadijme -was isolated- 


THE SYNTHESIS OF DIARYLACETYLENES (TOLANS) 

Tolan and substituted tolans appear to be verj' readily formed, and 
various special methods have been found for their preparation. The 
standard S3'nthesis from stilbene dibromide and ethanoHc potassium 
hydro.xide has been modified many times between the first report in 
1868 and the modem version of 1942,^ Tolan has been sjmthesizcd in 
75% jdeld by a neat but expensive method which involves the oxidation 
of benzil dihydrazone with yellow mercuric oxide.*^‘ There appears to 
be no possibility of the formation of stilbene in this preparation, which 

’“Limpricht and Sebwanert. ^Inn.. 145, .3-30 (ISOS). 

CnrtiU5 and Tlmn, J. jvaJU. Chem., [2] 44. 171 (ISDI) ; ScblenJc. Bcrgmann, and RodloS. 
.4nn., 463, 70 (192S). 
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is an advantage when high purity is paramount since stilbene and tolan 
form a solid solution not readily wparabJe.^” Di-p-toJ^dacetyJene 
and o-naphthylplicnylacctylcne •" were prepared by the same method 
in verj' high yields.”* 

The preparation of diphenylacctylencs by the dehydrohalogenation 
and rearrangement of un^onmetrical diarj’lhaloethylenes or ethanes 
^715 first reported in 1S94.’** The jneld of tolan from diphenyJchloro- 

Ar,0=cnci + N'aOC,n» ArC^CAr + NaCl + CjHsOH 


ethylene was only 99o, the principal product being 2,2-diphonyh’inyl 
ethyl ether. The jdelds of di-p-tolylacetylene and of di-p-anisylacetylene 
from the corresponding chlorides wore 85% and 55%, respectively. A 
disadrantage of the method is the necessitj’’ of using a sealed tube for 
the reaction. The starting materials are prepared in good fields hy 
condensing dichloroacetal with bentene, toluene, or anisole and remoaing 
hjalrogon cUorido from the resulting I,l-diar5'I-2,2'dichloroethane by 
ethanolic potassium hj-droxide. Potassium amyloxide was used to 
prepare 3,4,3',4'-tetramethoxj'toIan from l,l-i>f>(3,4-diincthc«yphenyl)- 
2-cUorocfhylene.‘” 

potassium amide in liquid ammonia was substituted for the 
ethanolic sodium ethoxide In this reaction,*® the scope and usefulness 
were greatly broadened. Yields of 85-90% of the purified diphenyl- 
(C«n,)iC— cnx + knh, -♦ c.n,cscc»ii» + lo: + nh, 

acetylenes are obtained when the arjd groups arc phenyl, (k, ni-, or 
p-tolyl, o», m-, or p-melhoxj'phcnyl, 3,4-dimcthylphenj'], and xcnyl; but 
irith py?fh3’l, propj'I, or butyl substituents on the ring an oily impurity 
is formed and the jnelds arc reduced to 50~70%. No significant variation 
in j-icld is observed with bromo or chloro compounds as starting mate- 
rials or with l,l-diaryl-2,2-diha!oethaacs, although the dichloroethanes 
do appear to give slightlj' poorer results. The position of attachment 
of the benzene ring is not changed during the migration, and the struc- 
tures of several of the tolans were pro%’cd bj' sjuthesizing them from the 
corresponding stilbene dibrinnides with ethanolic potassium hj-droxide 
and by reducing them to known dibenzyls. Sodium amide is as effective 


Paacal and Normand, Suit. toe. thi"*- Frmet, [4| IS, 151 (1913). 

*** Curtius and Kastner, J. prakl. Ckem.. [2] 8S, 225 (1911). 

A »iTthesis by Jenny mentioned by Ruggh and Beinert, ret. 15. 

(a) Fritsch. Ann., S79. 319 (1S94); ® Buttenberg, Ann., *79, 324 (1594): (e) WiecheU, 
Ann., 179, 337 (1894). 

Fritsch. Ann.. «9. 57 (1903). 

•“Coleman and MaiweU. J. Am. Cfiem. See, «6. 132 (1934); CoUn 
Maxwell, {bid., 88. 2310 (1936). 


1 . Hoist, a 
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as potassium amide in this synthesis and, since it is more readily 
prepared, ivould seem to be the reagent of choice. l,l-Diphenyl-2,2- 
dichloroethane ^ves tolan in 80% jield -with sodium amide.^ This 
method is probablj^ the best available for the synthesis of tolan deriva- 
tives since diarylbromoethenes are easilj' prepared from the unsym- 
metrical diarjdethenes which are available from diaiylmethylcarbinols. 

Tolan derivatives may be prepared in imspecified jdeld by treating 
imsymmetrical diaryldichloro- or diarylbromochloro-ethenes with so- 
dium in benzene.^ Under the same conditions diaiyltrichloroethanes 
give 95% jdelds of the substituted stilbenes and only 2% of tolans. 
The action of ethanolic sodium ethoxide on unsjunmetrical diphenyl- or 
ditolj’l-dichloroethene jields mainl3’- diaiylacetic acids, but, with 
di-21-anisyl- or di-p-phenetj'l-dichloroethenes, 80% jnelds of the tolans 
are obtained and about 20% of tmchanged dihaloethene is recovered."' 

An unusual S3Tithesis of o,o'- or p,p'-dinitrotolan occurs when o- or 
p-nitrobenzal chloride is treated with ethanolic sodium ethoxide.®’^ 
With the ortho compound considerable heat is generated and the yields 
are 36-39%. The reaction is believed to go through the corresponding 
tolan dihalide, which has been isolated from p-nitrobenzal chloride.*^ 
m-Nitrobenzal chloride gives only an acetal in this reaction. A similar 
reaction for the formation of o- or jj-stilbenes from nitrobenzj'l halides 
is well known and has been reported for benzyl chloride itself.^^ 
2-Dibromomethylanthraquinone gives a 97% yield of 2,2-dianthra- 
quinonj'lacetj'lene dibromide merely bj- heating to 230-240°,“® and this 
loses bromine to form the acetjdene in 89% jield when refluxed with 
diethj'laniline. The same acetylene is obtained bj* refluxing 2-tribromo- 
methylanthraquinone with copper bronze in nitrobenzene.”® 

The union of halogenated carbons to form a triple bond occurs readily 
in the production of l,l,4,4-tetraphenyl-2-butj-ne or similar substituted 
compounds from l,l-diaryI-2,2,2-trihaioethanes.=^ The reaction, which 
is seldom clean-cut, is accomplished electroh-ticallj' in hot ethanolic hy- 

2.Ar,CHCCU ^ -Ar-CHCfeCCHAn 

drochloric acid at a lead cathode. Catalj-tic reduction and reduction bj' 

" Harris and Fraakfortcr, J. Am. Ch/m. Soc., iS, 3144 (1926). 

— Fritsch and Feldmann, Ann., 305, 72 (1899). 

“ KSegl and Haas, Bcr., 44, 1209 (1911). 

-'‘Tschitschibabin, J. Kurr. Ph’jt. Ct.em. Soc., 34. 130 (1902) (CTcti. Ztmir., 1S02, 1. 
1301). 

^ UUinann and Klingsnborg. Brr., 46, 712 (1913), 

MtmcUh.,, 35, 239 (1914). 

— Brand et at, (a) Z. IS, 6o9 <1910); O') Ber^ 45 29S5 2942 (1913): 

(c) Brr., 54, 19S7. 2007. 2017 (1921); (d) Bcr^ 57, S46 (2924}; (^> 72. 2029, 103G 

(1939); (/) J. jrroKt, 115, 335, 351 (1927;; (g) iVid,. 127, 219. 249 (1930). 
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metal combinations appear to give tetraar3-l-2,2,3,3.tetrabalobutanes or 
2,3-dilialo-2-butencs, and the latter usually are converted to the tetra- 
arj-i-2-but5'no3 by reaction with line and acetic acid. l,l-Di-p»tolyl- 

AtiCIICCI, ArjClICCliCCliCHAr, or .^,CIICCI=CCICHAr, 

2,2,2-tribromocthanc is converted into tctratolyl-2.but>'ne in one step 
nith zinc and acetic acid. 

Somewhat similar reactions appear to occur when benzotricliloride or 
a substituted benzotricliloride is hc.atcd with copper powder in benzene. 
Tlie 3’iclds of 1,2-diarj-ltctmchlorocthanes arc low. o-Chlorobenzotri- 
chloride gives both stcreoisomcric dichlorocthylenes.*'^*” Heating the 
o,o'-diclilorotolan dichlorides with zinc dust at 200® gives an 80% yield of 
o,o'-dich?orofolan. Di-(p-chlorophcnyJ)-tefraeIiIoroethane gives the 
corresponding tolan when refluxed with zinc dust in acetic acid. 


OTHER METHODS OF PREPARINO ACETYLENES 


The remoTOl of adjacent lialogens from l,2-dil)aIocthyIenes by metals 
has been used to prcp.irc acetylenic compounds, but the metliod is not of 
Brcat BjTithetic value. Dibromofumaric acid loses bromine more readily 
than dibromomalcic acid when treated with zinc m moist ether at 60-70® 
to give aeetylenc<licarbox>dic acid in good jield.*’* A number of «,6- 
clichlorostyrenes, prepared from <.Hjhioroacctophcnones by treatment 
phosphorus pcntachloride, react with sodium in ether to form the 
sodium derivatives of the corresponding acetylenes; Mith water these 
give the acetylenes in j-ields reported to be "good.’’ 

CiH»COCUiCl -♦ c«ll»cci=cnci -» C»H»C^CNa 


Sodium phenovj'acetylide '*• and cjxJodctj'ne are obtained fa the 
Bame way from 1,2-dibromo-l-phcnoxyclhylene or tribromopheaovy- 
ethylene and l,2-<Iibromocyclo6ctene. Zinc dust in acetone effects the 
removal of bromine from tolas dibromidc and diphenyldiacetj’lene tetra- 
bromide.’*^ The yield of diphenyldiacetylene is 85%. It is clear that 
whenever an acetylene dibroroide is the starting material the method 
cannot be of sjTitbctic value unless some source for the dibromide other 


« Kenner ind VTitham. J. Cirm. See., VI. 1000 (1910). 

“ Foi. Ber., 86, 653 (1893). 

"“MichaeUXp™i/.CAm..r2I46.S09(lS92);[2I62.3«(lS&5). ^ . 

“ ( 0 ) Kimckell .nd GotseK, Ber.. SS. 265* (190(0; (6) KuncfceU .nd Eorrtiky. _Cer., S3. 
3201 (1900), • (e) KunckeU and Enw Ser., S3. 326* (1900): 86. 915 
Etm. MQUer, and Ihldebrandt. Ber. Jevl. jj&imb. Gee.. 83, 1S3 (1913) (CAem. ^enlr.. 1913, 
1. 176S). The eonsUnta of nieut>l8Cetjleii® haw been corrected, ref. 43. 

“ Domnin, J. Oen. Chem. U.SSJi.. 8. S51 (103S) (Cw*., 33. 1232 (1939)]. 
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han the acetylene can be found. Dibromoethylenes have been prepared 
rom RCH2CBr==CH2 (obtained by a Grignard reagent and 2,3-di- 
jromopropene) by adding bromine and removing hydrogen bromide 
vith ethanolic sodium ethoxide.®’ The product is treated "with zinc 
and ethanol to form the acetylene, but the xdelds are loav. A similar 
method gave only 8% of S-hexjme.*® The most serious difficulty lies 
in the substitution v-hich occurs during the addition of bromine to the 
bromoethA’lene. It may be possible that some ole&i is formed along 
■with the acetylene dming the removal of the halogens, since s-dibromo- 
bjs(p-tolylmercapto)ethylene is converted to s-bi's(p-tolyhnercapto)eth- 
ylene b3' zinc and acetic acid.“ 

p-CH3CtHLsSCBr=CBrSC6H4CHrp p<3H3C6H4SCH==CHSC6H4CH3-P 

A novel method of preparing 3-phen5’l-l-prop3'ne b3' adding phen3'l- 
magnesimn bromide to 1,2,3-tribromopropene has been described.” The 
reaction is not the result of the action of vmchanged magnesium but 
requires excess Grignard reagent, and biphen3'l is produced. By adding 

4CeHsMgBr + BrCHiCBr=CHBr 

CeHsCHjC=CMgBr CeHjCeHs + CtHs + SMgBrj 

the tribromopropene to the Grignard reaction the yield is increased 
from 40% to o2%.'‘ 

Lithium phen3'lacet3-lide is produced almost quantitatively from 
o.'-chloro- or &>-bromo-st3-Tene b3' phen3'llithium or butyllithium.“* The 
reaction does not appear to be a simple deh3'drohalogenation,^*“ 

Acet3dene3 have been obtained b3' the pyroh'sis of irts-quatemar3' 
ammonimn h3'droxides.“ From butane-1, 2-bfs-trimeth3'lammonium 
h3'droxide a 44% yield of eth3-lacetylene and a 56% 3-ieId of meth3'lallene 
result, vhile from the 2,3-compoimd 42-47% of 1,3-butacliene and 58- 
53% of a mixture of meth^Iallene and dLmeth3'lacet3'lene are obtained. 

The formation of benzo3’lmesit3'lacet3-lene by the reaction of phen3'l- 
magnesium bromide and 2,4,6-trimeth3'l-;5-methox3'cinnamonitTile 
may also be mentioned. 

2,4,(>-{CH,):CcH..C(OCH,)=CHCX 4- CeHsMgBr ->• 

2,4,&-(CHj)3CtHjC^COCeHs 

^ Fromm and Siebcrt, Brr., 55, 1014 (1922). 

(a) ■Wittig and Harbo.-th. Btr., 77, 315 (194.S); (i) 'Wittig and Wilt. Ber., 74, 3474 
(1941); (c) Gilman, lavagliam. and Moore, J.Am. Chm. Soc., £2. 2327 (3940); (d) Gilmaa 
and Unnbein, {>nd., 67, 1420 (1945). 

llurd and Drate, J. Am. Chj-m. Soc., 61, 1943 (1939). 

Tufcvt, tnij-ot, and Hictson. J. Am. CKm. Soc., 61, 410 (1939). 
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THE DETECTION, DETERMINATION, AND PURIFICATION OF 
MONOSUBSTITOTED ACETYLENES 

The detection of monosubstitutcd acct5'lenes and their separation 
from mixtures mth disubstituted acetylenes or other hydrocarbons is 
customarily accomplished by means of metallic derivatives. .jVmraoni- 
acal silver nitrate or cuprous chloride solutions are often used to form 
sUver or cuprous acctylidcs, although early investigators showed that 
mixtures containing small amounts of monosubstitutcd acetj lenes gi\ e 
no precipitate nith these reagents. It requires 20% of 1-octj-ne with the 
silver reagent and 10% of I-hcptj-nc with the cuprous solution to give a 
positive acetylene test. A 5% solution of silver nitrate in 95% ethanol 
gives an instantaneous precipitate of a white, crj-stalline compound 
RC^AgoNOs when treated vnlh even traces of l-alkj-nes, so that 
they can b^ separated almost quantitatively from mixtures by its iise • 
From 3.5 g. of l-ba\adecyne In 10 ml. of ethanol and a solution of 5.35 g. 
of sUver nitrate in 5 ml. of water and 45 ml. of ethanol, 7.4 g, of a ^ver 
derivative results, a yield of 94.3%. Tlic reagent has been adapted to 
the quantitative determination of monosubstituteil ocetylones m a ^s 
mixture.*** A simple volumetric proc^ure involving the titration of the 
free nitric acid produced in the reaction is used. 

RCsCII + 2AgNO* -r nOsCAgiNO. + HNOj 
A proccluro tor dctorminms W>epl>n,e by this method ho, boon 
described, '■ but no dotn am piven on the neenmey of 
noult, 2% low tor l-heptync and 2.8% low tor l-ho.'^-ne 
using compounds caretuUy parified Ibrongh them sJter 
The procelro ha, been used by nmny 
industrial method tor the analysis of monosubsbtuted 
gracimetrio method is unsatisfactory becauso tho 
silver ions and decomposes above 100’, m^alunp 
cult; n tho results are 2-3% higher than by the 
Acidic, basic, and sullur impurities must te removed J™” 
in the volumetric procedure. The ethane he s.lve 
be heated since this produces violently wtavo ““j' he eu- 

Pbenylaectylenc has b«n ^ «nmmomacal cuprous 

Ed"nS‘''ltSrviJor;ns sharing the precipitate is filtered and 

»’ B6hal. Ann. Mm.. [6) 15. 40S _ 

*'• Chavastelon, Compt. rend., U5, *** 

»>• Hurd and ChrUt. J. Ore Chem.. 

m tr„.„ .„A 7 nnn/. CA*".. 
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Trashed -rvith crater, ethanol, and ether, is dried, and is either weighed or 
chsolved in ferric sulfate-sulfuric acid solution and titrated with per- 
manganate. With known weights of pure phenvlacetj'lene the results 

2CsHsCu d- FedSOds -f H^SO^ 2 FeS 04 -f 2CuSO< -f 

of the two procedures are in agreement and are 0.38% and 0.90% high. 
No determinations on hydrocarbon mixtures of known phenylacetylene 
content were pven. The precipitation of the cuprous derivative oi 
1-heptyne with aqueous anunoniacal cuprous chloride is slow, and with 
concentrated ammonia solutions incomplete." 

Silver acetylide are rather soluble in concentrated silver nitrate 
solution because of the formation of a complex between the slver 
acetj'lide and silver ion — (Table IX). Dilution of the solution caused a 

TABLE JX 

SoacBiLrrr or Aczttlsxzs is 50>i Aqceovs Sn-vcs Nrraixs 


Ajjetylene | 

Volicne 

% 

1 

l-Bntjme j 

15 

l-Pentvns i 

10 

l-Hc-ptyce ■ 

6 

Plienrlicelvlenc ' 

S 

DiaOwlacetyleacs 

0 


silver derivative to precipitate. Eaman spectra studies indicate that 
the triple bond is involved in the complex formation, and the suggestion 
has been made that the complexes may be similar to those formed by 
oleSns.” It is odd that dialkylacetylenes do not form such coordination 
compounds. Very probably the somewhat erratic results observed m 
the determination of acetylenes as their metallic derivatives arise from 
the variable solubility of the complexes in the solution. 

A method has been published for the determination of acetylenes based 
on their reaction with methanol in the presence of mercuric oxide-boron 
triSuoride cataly-rt. to produce ketals which are subsequently hydrolyzed 
to ketones."' 

In neutral or acidic solution mercuric salts give addition products o: 

= Tauf-r.. Mumi;.-. n:;-! J. An. Crj—., S'c.. 63. ZyX) (1041). 

= Wir.--.^Lr. J. .4-u Cr.m. ioe, 60. S-C-*, fnSer. Cf^.. Bnr., 23, 22? 

(lOSl!. 

W-.— -r. Go:dere-_ ssd Ir.i. E~.~. CV-v, A'-d. Ed.. 19. 1C3 (KHV!. 
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varjnng composition with monosubstituted acetylenes, but in alkaline 
solution mercuric derh-atives analc^us to cuprous or stiver alkjTiides 
are formed. These mercuric acetybdes are prepared easily in j-ields of 
S5-95% * bj' adding a solution <rf the acetylene in ethanol to e-vcess 
alkaline mercuric iodide or cjTHiide.** The derivatives are useful 
for the identification of monosubstituted acetylenes because they are 
easily purified and have characteristic melting points. 

The purification of monosubstituted acctjdenes through their cuprous, 
stiver, or mercuric derivath’cs has been xridelj’ used. It is common 
practice to decompose the first two of these mth dilute hydrochloric 
acid, although this reagent with the cuprous or silver derivative of 1- 
hepljme leads to a product containing traces of halogen.*^ Diacetylcne 
has been recovered from its copper derivative by treatment mth potas- 
sium cyanide,**'* and chloro- or bromo-acetylene is obtained similarly 
from its mercuric derivative.^ Furj'lacetylenc has been purified through 
its copper salt by refluring with aqueous sodium cyanide with 90% 
reeorei^-; phenylacetylene was purified similarly ni(h an 85% reco^’erj’.* 
Pure l-he.’rjme is obtained nith only 27% loss by refluxmg the reerj-s- 
tallized silver nitrate comple-v with sodium cyanide solution.**** 'When 
ammonium tliioc^mnate is used to decompose the complex, the >'ield is 
only 40%, but the losses are said to be largely mechanical.*** The 
formation of an acetyleaic Grignord reagent is not sufficiently complete 
to make this derivative of value for purification.®* 

The sjmthesis of l-alkjmes using sodium amide ** assures freedom from 
disubstituted acetylenes if conducted properly, and in some instances 
an acetylenic mixture obtained by dehydrohalogenation with potassium 
hydroxide has been converted to l-.nlk>Tie by treatment ndth sodium 
amide in a similar fashion.®^ 

In general the purification of monosubstituted acetylenes through their 
metallic derivatives is a satisfactory process entailing moderate losses. 

It appears to be the best method of separating these compounds from 
disubstituted acetylenes. Since some of these metallic derivatives, nota- 
bly those of acetylene and diacetylene, are X'ery explosive when drj', even 
moderate quantities should be kept moist with the solvent at all times. 

Disubstituted acetylenes are occasionally’ purified b)’ remor’al of 
monosubstituted isomers as metallic derivatives. Thus 1-butjTie was 
removed from 2-but>'nc by p.assing the gaseous mixture through 50% 
aqueous ethanolamine containing cuprous chloride."* 


“ nofwinn and lurmreufher. 41 . 314 0908)! *2, 4232 (1900). 

*» Mourfu, Ann. eMm.. /Sj 7, W1 {190« note; ece Straus and Kllhnel. Btr.. 65. 154 
(1932). 

“ Hurd. Meinert. and Spence. J. Am. Cftem. Soc., 82. 1133 (1930). 

“ U^-ina and Potapov*. J. Gm. Chem. U.S.S.B., T. 353 (1937) [C.A, 81. 46o2 (1937)). 



4S 


ORGA^^C EEACTIOXS 


EXPERIMEKTAL PROCEDtTRES 

Carefully tested directions for the sjuthesis of the foUonung acetylenic 
compounds have appeared in Organic Syrdheses. 

Acetylenedicarboxylic acid from a,|S-dibromosuccinic acid vith 
methanolic potassium hydroxide.® 

S-Cj^clohe^'lpropyne from 3-c5'clohexj'l-2-bromopropene with sodium 
amide.^ 

Phenylacetjdene from a'-bromostyrene with molten potassium hy- 
droxide.^ 

Phenj'lproparg 3 d aldehyde from cinnamic aldehyde.®^ 

Phenylpropiolic acid from eth 5 'l cinnamate dibromide with ethanohc 
potassium hydroxide. 

Tolan from stilbene dibromide,® 

Stearolic acid from methyl oleate dibromide with potassium hydroxide 
in amyl alcohol.^ 


l-Hexyne from Sodium Acetylide and n-Butyl Bromide in Liquid 

Ammonia^ 

The apparatus consists of a 5-1. three-necked flask equipped with a 
mercury-sealed stirrer and an efficient Dry Ice-cooled condenser. The 
stirrer may be a well-balanced glass loop or a wire stirrer.^” The con- 
denser'^® consists of a several-turn vertical coil of 1:7 gradient made 
of block tin tubing not less than in. in internal diameter, fitting snuglj' 
inside a double-waUed jacket made of a tin can inserted inside a slightly 
laiger can and separated from it bj- a layer of asbestos. The top of the 
nnmiiar space is sealed ivith plaster of Paris, and the coil is soldered in 
at top and bottom. (To arrest corrosion the condenser is cleaned and 
dried after each run.) Gla» condensers, although considerably less 
efficient, may be used in .small runs. Two liquid-ammonia condensers ^ 
mounted one above the other have also been used.**^ 

About 2 L of commercial anhydrous liquid ammonia is placed in the 
5-1. flask, and 1.5 g. of powdered, hydrated ferric nitrate (0.3 g. for each 

^ AHea and Edens, Org. SyniAcsM, 25, 92 (19^. 

Adldns and Boris, Org. 27, 7G (19*7). 

These diretrrfons are a condensatran of those faond ia the Ph-D. Thesis of Greenlee* 
Ohio Slate Emversty, 1942 (see ref- 144)- The preparations of sodium amide and of 
sodium acetjiide given in Inorganic Si/rJtI.ctes^ 2, 125, 75 (1946), specify mom concentrate<i 
solations Trhich probably 'work eqtiaDj' -well in the step. 

=« Hershbers, Ind. Bng. Chcm., AncL Ed., E, 313 (1930); Org. SyniKectc. 17, 31 (1937): 
CoJL Vol. 2, 117 (1943). 
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cram atom of sodium) is added. After \*igorous stirring for several 
minutes, 2 g. of sexlium is added; a vigorous reaction occurs, and the 
solution becomes black from the colloidal particles of iron, ^^’hcn tho 
reaction subsides the blue color of sodium is visible around the edges of 
the mixture and hydrogen is slonb’ evolved. To improve visibility 
the frost on the outside of the fl-ask may be removed with ethanol. A 
brisk stream of drj* air is bubbled through the solution for fifteen to 
twenty seconds. This converts some of the sodium to sodium peroxide 
which activates the catalj’st. The evolution of hydrogen is more rapid 
for a short time but soon co.ascs, and 114 g. of sodium (a total of 116 g. 
or 5 gram atoms plus 1 g.) is added in 15- to 23-g. quantities, enough 
time being allowed between additions for complete conversion to sodium 
amide (disappearance of the blue color). The stirrer is operated slonly 
during this procedure, and at the end it is run at high speed for a few 
minutes to wash do\™ sodium spattered on the upper walls of the flask. 
Tho sodium amide can be seen around the walls of tho flask as tiny 


colorless crj'stals like grains of sand; the liqtiid is still dark from the iron 
catalj-st. A rapid stream of tank acetylene which has been passed 
through concentrated sulfuric acid and then through a tower of soda 
lime and anhydrous calcium chloride U introduced at a point below the 
stirrer, which is run at moderate speed. The reaction mixture imme- 
diately becomes mUky and clears up shortly before the theoretical 
amount of acets'lene has been adde<l, when it turns dark again, 
gases are evolved during the addition of acetylene. 

The acetylene addition tube U replaced by a dropping funnel, and 017 
g. (4.5 moles) of n-butyl bromide is added rather rapidly. The soh-ent 
refluxes somewhat more ^^gorously for about two hours, and the solut ion 
is stirred rapidly for a total of six and one-half hours. Uater is then 
added at moderate rate from the dropping funnel until the flask is nearly 
full; some acetylene is evolved during the process. 
formed, and the lower (aqueous ammonia) is siphoned off and iscartied. 
The upper lavcr is shaken with water, ice-cold 1:1 hydrochloric acid 
(which removes finely di%'ided iron), and dilute sodium carbonate solu- 
tion, and is dried over calcium chloride. The crude p t ° ’ 

95% yield) is fractionated through a column ha^^^ about si.x theoretical 
plates, and the fraction that boils at 70.5-71 /»50 mm. (unco .) 
coUected; this weighs 320 g. (87% j-icid). Refract.ona ion of ^ ^ 

and residue gives an additional 10 g. of material WT nno the 

point and refractive inde.x (total yidd 89%). 0 7156 

following constants: b.p. 71.4“A«> “P- ’ * 
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^Tolylace^lene 

(a) Preparation of 1-p-Tolyl-l-cbloroethylene. To 189 g. (0.9 mole) 
of phosphorus pentachloride in a 250-nil. Claisen flask fitted uith a 
dropping funnel and drjdng tube and cooled in a bath of ice and salt, 
110 g. (0.82 mole) of j)-toljd methjd ketone is added during one hour. 
The reaction mixtrue is left in the cooling bath for an hour and at room 
temperature for twelve hours. Phosphorus ox^'chloride is removed 
under reduced pressure, and the residue is distilled through a small 
colmnn. The product is an oil, b.p. 81-83°/10 mm., yield 85 g. (68%)- 

At 70° a 75% jdeld is obtained. The use of pure phosphorus penta- 
chloride and rapid distillation are important.®^ 

(b) Conversion of 1-^Tolyl-l-chloroethylene to ^Tolylacetylene. A 
mixture of 85 g. (0.56 mole) of l-7)-tohd-l-chloroeth}dene, prepared as 
above, and 50 g. (0.78 mole) of potassium hj’’droxide in 100 ml. of 
absolute ethanol is refluxed for twent3'-four hours. The mixture is 
poured into a liter of ice water, the oil separated, and the aqueous laj'er 
extracted with ether. The oil and ether are combined and dried over 
potassium h3'droxide; the ether is removed, and the residue is distilled 
under reduced pressure; b.p. 79-82°/31-33 mm.; yield 31 g. (48%). 

^Bromophenylacetylene 

(c) Preparation of l-(4r-Bromophenyl)-l-chloroethylene and l-(4- 
Bromophenyl)-l,l-dichloroethane. A mixtiue of 95 g. (0.48 mole) of 
p-bromoacetophenone and 107 g. (0.51 mole) of phosphorus pentachlo- 
ride in a 500-nil. round-bottomed flask provided with a reflux condenser 
is heated to 70° in an oil bath. Rapid evolution of h3’’drogen chloride 
begins vrhen the p-bromoacetophenone melts, and the reaction is over 
in about ten minutes. The clear yellow liquid is distilled under reduced 
pressure. After the phosphorus ox3'chloride has been removed (b.p- 
45-50°/18 mm.), 19 g. (18%) of the monochloroethylene derivative, 
b.p. 118-122°/18 mm., and 62.5 g. (52%) of the dichloroethane, b.p- 
126-127°/18 mm., are obtained. These fractions need not be separated 
for the next reaction. 

(b) Conversion of the Chloroethylene and Dichloroethane to the 
Acetylene. A mixture of 82 g. (0.34 mole) of chloro compoimds obtained 
above and 400 g. of ethanolic potassium hj^droxide (2-5% by titration, 
1.8 moles) in a 1-1. roimd-bottomed flask pro^dded with a reflux con- 
denser, is refluxed for three hours in an oil bath and poured into a liter 

^ The potassium hydroxide contains about 13% of vrater and other impurities. 
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of ice water. The oil is separated, and the aqueous portion is extracted 
wth ether. The oil and ether arc combined and dried over potassium 
hydraxide or potassium carbonate. Tlie ether is removed, and the 
product is distilled under reduced pressure from a Claisen flask ha\’ing a 
wide side arm, b.p. SS-OO^/IG mm. The p-bromophenylacetyleno 
crj-stallizes in the receiver and is rccrj-stallized from ethanol. The jneld 
is 32.5 g. (53%) of colorless crj-stals, m.p. 64-65®. There is no ad^-antage 
in dropmso addition of the chloro compound to the ethanolic potassium 
hydroxide. 


1-Phenyl-l-heiyne 

To 11.5 g. (0.5 gram atom) of sodium vrire in 200 ml. of toluene in a 
1-1. three-necked round-bottomed flask, equipped with a reflux con- 
denser, mcrcurj’-sealed stirrer, and dropping funnel, is added slowly with 
stirring 51 g. (0.5 mole) of phcnyhacctylene.^ The flask is kept at 35^0 , 
since above this temperature the sodium derivative forms a gelatinous 
mass. To the suspension of the acetylide is added 'rith stirring during 
two hours 114 g. (0.5 molo) of n-butyl p-toluencsulfonate while tho 
temperature is maintained at 70*. After three liours at 80* the reaction 
mixture is cooled and treated with nater; ether is added if an emulsion 
forms, and the ether-toluene solution is waslied and dried o\*er solid 
potassium hydroxide or potassium carbonate. The product is distilled 
under reduced pressure, and, after a small fore-run of phenylacetylenc, 
51-55 g. (65-70%) of l-phenyl-l-hcx>Tie is obtained, b.p. 

mm. On rcdistillation the compound boils at 94-95*/4 mm.; di 0.90-4 

and ng 1.5347. , , ... 

The sodium derivative of phenylacctylene may also be prepared with 
sodium amide. The reagent is finely powdered under mineral aud 
transferred to the flask as a suspension. Anhj-droiis ether is then added, 
and the oil is removed by several n-ashings with ether. An alt^natn e 
method is to prepare the sodium amide in liquid ammonia and ^place 
this solvent with ether.>” An excess of sodium amide and oj butyl 

P-toluenesulfonate results in a 67% yield of 1-phenjl 1 e-Xime. 

Dibutyl ether may be used instead ot toluene in the ° 

the sodinm derivative may be prepared m ether m s added 

other replaced by a higher-boDing solvent. Mmeml oJ may be added 
for the last part of the reaction. 

“ Rons, GUman, «nd Beaber, Or/. 
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The Purification of l-Hezyne 

To a solution of 41 g. (0.5 mole) of l-hesyne in 160 ml. of 95% ethanol 
is added sloivly and vdth stirring a solution of 170 g. (1 mole) of silver 
nitrate in 250 ml. of crater. The white precipitate of C^HsC^CAgs^Oj 
is filtered, washed with water, and recrystallized from 1.8 1. of 9oyc 
ethanol. The crystals are washed thoroughly vrith water and reSuxeu 
for three hours with a solution of 115 g. of sodium cyanide in 250 ml. o. 
water. The regenerated l-heyyne is dried over calcium chloride and 
distilled; b.p. 70.5—70.7° cor./747 mm., jield 30 g. (73%). 

TABUIAE SURVEY OF ACETTLEKES SYKTHRSIZED BY THE UETSOriS 
DESCRIBED IK THIS CBAPXER 

Only those acetirienK are included that have been prepared by meth- 
ods covered in this reriew and that have been reported in Chemicc. 
Ahdrads through 1947. K other methods are of synthetic value io~ 
one of these compounds, the;*- are included, but the references may no. 
be complete. An attempt has been made to include mainly references 
dealing with synthesis, and with the more common acetylenes only 
recent references or those of definite synthetic value are listed. HTterc 
information is available, jields have been calculated allowing for re- 
covered starting materiah The methods of s*.Tithesis are indicated £= 
follows. 

1. Dehydrohalogenation with ethanolic pKJtassium bydroride or other 
allialine reagents except allmli amides. 

2. Dehj'drohalogenation with sodium amide or pota.=sium amide. 

.3. -Allyiation of metallic derivatives of acetylenes in ether or otbc-' 
inert solvents. 

4. .Vliyiation in liquid ammonia, 

5. Other methods discussed in this re'.iew. 

6. Methods not discussed in this re-.iew. 

A question mark {?^ indicates s-ome iincertaintv in the .structure or 
sj-nthed-s. .A star (*) indicates that the yield ’ivas of crude material- 
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Formula 

j Compound 

Motbod 

Yield 

Bcferenccs * 


Q 




CjBrj 

Dibromoacptyleno 

6 

0 

15 

23 

233, 234 

233 

236 

VJlCIj 

. Dichloroarctylenc 

0 

05 

75, 70, 77, 237 

235, 238 

CtllBr 

Bromoncctylcnc 

I ' 

Good, 45 

224, 230, 240, 241, 
09a, 242. 243, 
214, 2, 56 

CjTia 

Chloroawlyk'no 

0 

Good 

224, 5C, 245, 246, 
247 

716 

C,UI 

lodoacctylcno 

i c 

— 

248 

C.U 

Diiodnacctylcno 

: 1 

0 

60-03 

250, 251,252,253, 
254, 255, 250. 
257. 1116 



0 

54-63 

258, 259 


c, 


BromopropioUc add 
Chlonipropiolic odd 


l,3-Dibromo-l*propyiio 

Propiolic acid 


S-Bromo-l-propyno 
I Propyne 


70-87 111,202,203,204, 

164, 165 I48a 


65 265, 266, 267, 263 

C7-S5 10, 220, 100, 116, 

65, 260, 270 
135, 137, 139, 142, 
143, 144, 1S5, 
271, 272, 273 


P- 62 lor eipUnation of .ymbols »n<l mrtbodi in thu Ubio. 
• rUteroDC 23J-519 kre listed on pp. T2-7a 


ORGAXIG RKACTIONS 


PorniuPi 

Compound 

Method 

Yield 

r' 

iO 

R(>fi;rcncrK * 

331140 

1 2-Propyn-l-ol 

1 


57, 260, 268, 274, 
275, 308 



1 

0 



270 



0 

10 

277 

C 3 IT 4 O 

Metlioxj’ncct ylrno 

1 

1 

Poor 

27S 

07 Q 

C 3 IUN 

3-Amino-l -propy nu 



C. 


Cin2 


CiHBBrO 

C4n6N02 

C 4 H 6 


C4H60 


IjS-Bulndijiic 


C 1 H 2 O 1 1 Acclylcncdicarboxylic 

acid 


C 4 II 4 O 2 2-BuljTioio add 


1 l-Broino-3-mcllioxy-l- 
propjTie 

I l-Nitro-l-bulyno 
l-Butyno 


2-Butyne 


3-Butyn-2-ol 


0 
G 

1 

1 

1 

2 

•1 


SO-00 

Poor 

73-SS 


Poor, 34 
10-S7 


34 

GO 

G5-7S 


65 

81* 


57 


180n, 270 
115, 2S0, 281, 
270 

,111a, 5,GS, 71 f, 
il, 210, 202, 282, 
283, 2S'l, 285, 
280, 287 
101,104, 214d 
120, 288,280,200, 
201, 202, 293, 
210, 294, 295, 
290, 297, 298, 
299 

298, 299 
101, 300 
201, 301 

07 

4 

32, 33 

144a, 142, 143, 
13Ga, 302, 138. 
139, 149a, c, d, 
273 

805, 78, 269, 60, 

41 . 11 “ 

271, 303, 304, 105. 
185 
i, 306 
308, 309 


305, 

307, 


See p. 52 for explanation of symbols and melbods in this table. 
* References 233-519 are listed on pp. 72-78. 


SYKTnnsis or AcnrYLExns 
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Formula 

Compound 

Metbod 

Yidd 

References * 

C4H«0 

S-Butj-n-l-ol 

C 

C5 

305, 310 

311, 277 


S•^^ctboTJ•-l•p^opJ^M^ 

1 

SO 

61 

12, 274, 312, 313 
20, 2S 


rthoxj’R«“tylene 

1 

50-55 

ISf, 278, 314 

C4TI{Oj 

2-Butyn<^l ,4-diol 

0 


316, 399 

|305, 101.315,317, 





ISOo 


Ci 


CslIiOi 

2-rcntyne-l,{Wioic ««<! 

1 

- 

31S 

ISO 

310 

c»n, 

l-renten-S-ync 

4 

0 

3S 

5^^-73 


l-Ponton-t-j-no (t) 

3 

70-75 

104, 169, 170,144, 
152 

CjlIaO, 

2-Pentynoic add 

C 

45-J9 

796, 320, 2SS, 46, 
78, 331, 332 


3-Pcntjmoio add 

1 

10-15 

706 

796, 323, 111c 

Cin,a 

4- rentynoic acid 

5- Chlor*>-l-pi'n()'nc 

4 

67 

144 

07 

24e, 78, &4, 90, 

CiIIjNOj 

l-\ilro-l-pcnlyno (T) 

1 

55 

Ctllt 

1-Pentyno 

* 

324 



2 

3CM32 

28 



4 

00 

144, 142, 143, 





1300. 304, 80, 
130 


2-Pont}uv3 


35 

325, 78. 324, 320, 



327 



3 

40 

32,41 



4 

50 

144 


3-Mediyl-l-butyno 

1 

18-CO 

125, 327, 323, 78, 
320, 330, 35, 30 



2 

25—31 

31, 83, 30 



4 

20-50 

130 

C»II,0 

l.p.'n«yn-3-i>l 

I 

G 

50 

305 

331,-300 


4-Ponlyn-t-ol 

1 

Poor 

332 



I 

1 

75 

S3* 

314 

333,331. 335,312 


C6 


ORGANIC REACTIONS 


Formula 

Compound 

Method 

Yield 

/C 

References * 

CsHsO 

i 

3-Ethox>'-l-prop\*nc (?) 

2 

81 

20, 2S 


l-Methoxj'-2-butj'nc 

3 

15 

28 



G 

61 

102, 336 


4-Methoxj--l-butj-nc 

1 

— 

305, 337 

1 


4 

CO-75 

151 

CiHsOj 

Propj-nal dimethylacctal 

1 

— 

338 

CiHjoBrN 

Ethynyltrimetbj-lammo- 





nium bromide 

1 


339,340 


Ct 


CcHjBrO 

5-Brorao-2-etbynylfuran 


i 

341 




32 

l&i 

CtHtO 

2-Fury facetyfene 

I 1 

25 

8,342 

CsHt 

l,5-Hexadien-3-jTio 


i 

343, 344 


1,4-Hexadiyne 


— 

344 


1,5-He5:adi}'ne 


— 

344, 274,345,346, 





347, 348, 349, 
350,305,78, 316 


2,4-Hexadiyne 


— 

316, 78 




42 

271,344 

CeHeO< 

Propargj-lmalonic acid 


— 

lllc 

CtHiBr 

l-(or 2-)-Bromo-l-heMn- 


— 

305,344,346 


o-yne 




CtHs 

l-Hexen-3-yne 

3 i 

1 

Satis- 

factory 

184 



4 

24-31 

186 

1 

l-Hexen-5-yne 

1 

— 

351 

CcHgO 

l-Hesyn-S-one 

1 

Poor 

323 

CtHsOj 

2-Methyl-4-pentynoic acid 

1 

— 

323, lllc 

CcHsBrO 

2-Bromoethyl 34?ntynyl 

4 

— 

151 


ether 





l-Heiyne 

1 

75 

24c, 352, 78 



2 

60 

28, 48a, 


1 

3 

72 

164. 165 



4 

90 

144^ 142, 143, 135, 



i 


219, 86, 149a, 

54,139,140,1126 


2-He3yne 

1 

— 

78, 352, 353 



3 

— 

28, 41 


See p- 52 for erpla^tioa of synibols s^d meiliods in tHa 
♦ Eeferenees 233—519 are listed on pp. 72—78. 









SYNTHESIS OF ACETYLENES 


Formula 

Compound 

Method 

Yield 



2 -Hc.t 3 tio (ContmueJ) 


_ 

140 


3-IIexyne 


Poof 

66, 133 




20 

165 




75 

144, 187, 140 




S 

66 


4-Mctliyl-l-pcntyne 

1 

60 

354 



5 

— 

90 


4-Methyl-2*pentync 

1 

— 

79c 



3 

36 

34, 36 


3,3-Dl2nelhyl-l-butyD« 

1 

27-73 

117,6, 116,78, 1( 





355, 356 

linf J 


1 

71 

357, 358 



6 

2S 

33, 357 


n-Butosyieelyfcne 

1 

34-66 

18e, 314 


4-Etho'cy-l-butyno 

4 

CO-75 

151 


^.Mct))OTy*I*P^»iyD^ 

4 

70 

332 

C»HioOj 

2-Butynal dimethyl accUl 

1 

70-«0 

359, 3G0 


l,4<Diffl«thoxy-2>butyiic 

3 

63 

101, SOS 


Cj 


CjHjBrOj 

5-Bromo-2-furylpropio1tc 

acid 

1 

69* 

16d 

c,ir*N 

3*IVridyI«ectylcne 

1 

42 

?0e 

WI, 

l,i^Hepiad>eD-3>ync 

3 

Good 

170 


l,G>neptadiyno 

4 

40-43 

144, 155 

c, 11,04 

Methyipropargylmalonic 

acid 

1 

“ 

lUe 

C,Hw 

5-Mclhyl-3-bc3n>n-l-yiic 

1 

33 

361 


Cyclopentylacetyleno 

2 

9 

41 


Cyeloheptyne (T) 

1 

— 

362, 363 

CjHioO 

2-Etho’ty-l-penlcii-4-ync 

(7) 

I 

“ . 

364 

C7H11 

l-IIeptyno 

1 

2 

4 

5 

0-8S* 

60 

S3 

Good 

24a, 6, 37, 65, 74 
SOa, 328, 329 
352, 365, 366 
191c, 367, 369. 
370 

28. 4, 27, 37, 48c 

144, 142, 143, 
136c, 219, 54, 
149a, 6, 139, 

140 

110, 225 


Seo p. £2 for oxpIanAtion of oymbola ond mrthoifa ia this tubU. 
* Kef«r<DC«a 233-519 are listed OB pp. 73-78. 






5S 


ORGANIC REACTIONS 


Formula 

Compound 

Method 

Yield 

/C 

References * 

C 7 H 12 

2-Hcptj'nc 

1 


217, 290, 371 




Satis- 

1S4, 41 




factory’ 





38 

142, 143 


3-IIepfyne 


1 

217, 372 




40 

2S 


5-Methyl-l-liexj'ne 


42 i 

373, 84 




CS-70 

144, 130 


5-McthyI-2-hexjTie 

1 

— 

79d 


2-McthyI-3-Iiexj'ne 


39 

35, 30 


4 , 4 -Diracth 5 -l-l-pcntyne 


— 

82 




37 

38 


4,4-Dimethy]-2-pent}'ne 


— 

82, 374 



3 

55 

117a 

CtHisOj 

Propj-nal diethyl acetal 

1 

35 

7, 100, 338, 375 


Cs 


CsHiCTj 

2 , 0 -Dichlorophonylacety- 

1 


376 


lene 




C^HsBr 

Bromoethynylbenzene 

I 

i 

Satis- 
factory ! 

99a, 377 



6 

88 

235, 378, 379, 3S) 


4-Bromophenylacetylene 

1 

53 i 

49, 43, 381 

GsHsCl 

Chloroethynylbenzene 

1 

— 

99a 



G 

67, 70 1 

183, 382 


2-Chlorophenylacetylene 

5 

60 1 

16a 


4-Chlorophenylacetylene 

1 

1 

/o 

43, 381 

CsHsI 

lodoethynylbeazene 

0 

— 1 

383, 73b 



6 

92 

384, 385, 183, 99a, 





377, 3S6, 251, 
387 

CsHsNOz 

2 ~ 2 sitropbenylacetyleiie 

5 

Good 

104!, 388, 16e 


S-Nitrophenylacetj'lene j 

1 

— 

3S9 



5 

— 

390, 104d 


4-Nitrophenylacetylene j 

0 

Quant. 

391, 1045, 392, 





381 

tJsilc 

Phenylacetylene 

1 

67 

20, 23, 105, 45, 





99a, 377, 393, 
394 


See p- 52 for expIanatioTi of symbols and znetboda in this table. 
* Heferenoes 233-519 are listed on on. 72—78. 



















SYNTHESIS OF ACETYLENES 
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Formula 

Compound 

htethod 

\^erd 

% 

References * 


Phenylaeetyleno (Co»- 

2 

83 

183, 28, 26, 65, 


(mu<d) 

5 

82 

48a, 54 

214, 72e 

CsH^CJOjP 

2-ChJoroplieDjdethynj'J- 

1 

68* 

16a 


phosphonic add 




CsIIsO 

Pbenoxyacctyleno 

1 

60-80 

18 


2-IIydrosyphenylncety- 

6 

55 

304a 


lene 




CsHtOjP 

rhcnvlcthvnvluhosDhonic 

1 

— 

16a 


1 acid 


1 


C,1I,0, 

1 ,6-Hcptadiync-t-car- 

1 

— 

323, 395 


borylic acid 




Cgllio 

3-E tbynyl-1 .S-bcxadicDO 

3 



164 


(?) 

3-Etliynyl>I,S-bcxndicnc 

4 

85-03 * 

144, 152 


i l|7-Octadiyiio 

1 

— 

S96 


1 1-Ethynjl»lecyclohc.'tcno 

2 

— 

307, 308 

CdlioO 

6i«{3-Butynyl) ether 

4 

CO-75 

151 

CsIIioOj 

' 2,0-Oc£adiyne-l,3-diol 

S 

— 

316, 300, 400 

CgllioOi 

Ethyl acetylcnediearboxy- 

1 

13 

401, 283 


late 

5 

Poor 

210 



C 

Good 

402, 1115 

CJIuCl 

Chloroethynyleyclohcx- 

6 

48 

382 

CsIIia 

1 l-Octen-3-ync 

4 

_ 

186 


l-Octen-4-yno 

3 

32 

144 (170) 


G-Methyl-3-hepten-l^iio 

1 

— 

361 


I-Cyclopcntylpropyno 

3 

50 

41 


3-Cyclopcnty}propync 

2 

C5 

41 


Cyclohcxylacctyleno 

1 

4C 

125, 403, 404, 227 



2 

Gf 

41 


Cyelooctyno 

5 

32 

212 

CsII« 

1-Octyno 

1 

— 

SOo, 296, 329, 405 



2 

75 

23, 86, 4Sa 



4 

72 

144, 142, 143, 406, 





140 


2-Octyne 

1 

— 

S3, 217, 296, 366 



3 

81 

23, 41 


1 

1 

4 

8-t 

144, 142, 143, 140 


p. 52 for exph nation of oymbola and nwtbods in tba (able. 

■Rtforoncea 233-519 are bated oD pp. 73-78. 

t Tbia IB the overall yield from ryrioheaaBolanda bottoba compared rritb Ibe 45^ yield of method 



60 


ORGAXIC REACTIONS 


Formula 

Compcnmd 

Method 

Yield 

% 

References * 

CaHu 

S-Octyne 

2 

23 

28 



3 

70 

184 



4 

67 

144,187,142,143, 





192, 140 


4-OctjTxe 

4 

60-81 

144, 187, 54, 142, 





143, 406, 140 



i 5 

58 

180a 


S-Ethyl-S-metiyl-l- 

2 

45 

39 


pentyne 




CsHkO 

Butyl S-butynyl ether 

4 

60-75 1 

151 


Isoamyl propargyl ether 

1 

1 

333 


l-Methoxy-2-heptyne 

3 

42 

177 

CgHiiOj 

3-Butyiiyl-2-ethoxyethyl 

4 

60-75 

151 


ether 

l,4-Diethoxy-2-butyne 

3 

45 

101 


2,5-Dimethoxy-3-he3cyno 

3 

21 

101 


2-ButyBal diethyl acetal 

1 

i 

359, 360 

C9 

C 3 H 4 CI 2 O 2 

2,6-Dicblorophenyl- ! 

1 


376 


propioUc acid 





2,4-I)iiiitrophenyl- 

1 

24 

407 


propiolic acid 




C3H5Br02 

4-Bromophenylpropiolic 

I 

SO 

408, 409 


acid 




CaHsCTOj 

2-ChlorophenyIpropiolic 

1 

68 

I6a 


add 




C 9 H 5 N 

2-Ethyiiylbeiizcmi trile 

5 

25 

165 

CsHsNOi 

2-Nitrophenylpropiolic 

1 

79 

407, 1045, i, 410, 


add 



16e 


3-Nitrophenylpropiolic 

1 

— 

390, 389, 104d 


acid 

4-X i trophenylpropi oli c 

1 


965, 391, 1045 


add 

6 


411 

C^'HtSsOt 

l-(2,4-E>initrophenyl)-I- 

1 

— 

121 


propyne 

j 



C^HtO 

Phenylpropynal 

6 

70-81 

228,100,338, 412, 



j 


413, 414, 415 


&« p. 52 for «rplaraliorj cf eymbcls and tcrtbod* ia thii labj*. 
* Rc'erracfa 233-519 are iKed ca pp. 72-78. 
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SYNTHESIS OF ACETYLENES 
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FonouU 

Compound 

^{e(hod 

ndd 

References • 

C,neO, 

3,4-^^cthJ■lonctlio7J•. 

1 

CO 

377, 416 


phenyUectylcne 
Phenylpropiolie »«*! 

1 

76-SO 

103,417,333,418. 





104j, 419, 420, 
294, 421 



C 

Good 

IWj, 422, 99a. 





423, 2I4c 

CJIjBtO 

2- (or 3*) Dromo-t-mclh- 

5 

— 

424 


OTyphcnylawtJ'lene 
4*Bromophenyl propargyl 

1 

so 

423 


clliw 




C»HtC1 

l-Chloroclhynyl-l- 

1 

— 

2118 


mcthylbonrene 

C 

62 

332 

CsIIraO 

l-Cbloroolbynyt^motb* 

1 

— 

2llc 


oxybcoMoe 

0 

52 

3S2 

CtHiNOj 

l-(i-Nitrophc'oyi)-l- 

1 

— 

121 


propyno 




CsIItNO, 

a-Nitro-S-roctboxyplK-ciyl- 

& 

43 



acetylene 




c,ir, 

p-Tolylaectyleno 

1 

4S-57 

50, 61, 4 



2 

64 

4Sa, 42, 72e 



5 

— 

2na, d, 3S1, 104e 


1-Phenyl-l-propync 

1 

70* 

103, 420, 427, 423, 


3 

50-7? 

90, 429, 01 

183, 42, 54, 16a, 






171 



5 

35 

214a 


3-Phenyl-l'propyno 

2 

75 

28, 131(/, 20 



3 

70 

164, 165 



5 

52 

4, 90, 429 

C,H^ 

Phenyl propar©’! ether 

t 

53 

423, 430, 431 


2-MethoNyphcnyl- 

2 

Poor 

43Ia 


acetylene 

5 

1 67 

|16a 


4-Motho\yplieQyl- 

5 

62 

! 16a, 104c, g, 211, 


acelylcmo 



1 377 

c,n»N 

PhenylpropofByiunhK 

1 





2 



CjIIi* 

l,8-Nona>iiync 

4 

84 

144, 155 


2,7-Nonadij’no 

4 




l-Ethynyl-S-mctbyl- 

2 




cyclohexene 





See p. S2 for expleoetion ef ssfiibols end nelbo^ m tliie ta 
• Reference 233-S19 are listed on PI*. 7»-7». 
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ORGANIC REACTIONS 


Formula 

Compound 

Method 

Yield 

% 

References * 

CsHn 

l-Prop 5 'nyI-l-c 3 -clohexene 

3 



CsHi. 

l-Konen-4-yiie 

3 

88 

170 


l-CyeIopentyl- 2 -but 5 'ne 

3 

65 

41 


l-Ethj'nyl-S-methylcj'clo- 

2 

— 

397, 398 


hexane 





1-Cyclohexyl-l-propyne 

3 

24 

41 


3-Cj'cIohex3'l-l-propyDe 

1 

06 

434, 90, 69 



2 

66-87 

29, 28, 41 

CgHuO, 

Butylpropargj-1 acetate 

3 

' 16 

177 

C3H15 

1-XonjTie 

1 

— 

435 



2 

84 

28, 27, 183 



4 

46 

86, 142, 143 


2-?\onyne 

3 

SO 

28, 183, 41, 184 


3-Xonyne 

3 

60 

183, 184 



4 

54 

142, 143, 48a, 54 


4-Konyne 

4 

45 

142, 143 


7-Methyl-3-octyne ! 

4 

35 

54 


2,&-Dimetbvl-3-hept3'ne 1 

1 

38 

79d 

CgHicO 

l-Ethoxy-2-heptjTJc 

3 

27-35 

177,436 


Cia 


GioH&XOs 

2-^Gtro-4,5-inethyIenedi- j 
oxyphenylpropiolic acid 

1 

76* 

i 

16c 

CioHtXOs 

3-Xitro-4-methoxyphenyI- 
propiolic acid 

1 

1 — 

437 


I 2-Xitro-5-inethoxyphenyl- 
propioUc add 

1 

1 70-78 * 

16c 

CioHsBr»0 

x,x-Dibromo-2-methoxy-l - 
(l-propynj-l)beuzene 

1 


438 

CX 2 H 5 O 2 

3,4-Methyleuedioxy-l- 

(l-propyiiyl)benzene 

1 ' 

i 

439 


m-Tolylpropiolic add 

1 

— 

104h 


p-Tolylpropiolic add 

1 

i 

104c 

Ci^HsOa 

2-Methoxyphcnyl- 
propiolic add 

1 

51 

1 16<i, 440, 4403 


S-Methoxyphenyl- 
propiolic acid 

1 

I 9S 

441 

1 


4-Methoxyphen\'l- 
propiolic acid 

1 


IGa, 1045 , 104c, 
442 


See p- 52 for eipliratioa cf syabol* Eietiods in this tsbls- 
• Reiereaces 23^-SlQ are Usted Gn pp. 72-7fii. 









SYKTHESIS OF ACETYLENES 
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Formula 

Compound 

Method 

Yield 

% 

Le/erenccs * 

CjoHjDrO 

i-Bromo*2-methoxy-l- 

(l-propynyl)bcn 2 ei>o 

1 

- 

438 

CioH,a 

I'Phenyl-t-chlortKl- 

butyne 

3 

46 

172 


I'Chlorocthynyl-i-clhyl* 

bcniene 

1 

— 

211b 


l-Chloroethynyl-2^ 

dimctbylberviene 

1 


211a 


l*ChlorocthyByl-5-meth- 

oxy-S-methylbenicnc 

1 

-V 

211d 

iJioUsXN ^ 

l-Phcnyl-4-tria*o-l- 
butyne t 

3 


443 


J-PJ«uyW*f>uO®f 

1 

3 

Tti 

77 

W 

172, 183, 73, 44 


4-PheiiyM*butyne 

1 

63 

373 

4, 20, 52, 44, 444 


3-(2-Mettiylph«Dyl)-l- 

propyne 

2 

75 

52 


3-(4-NfelhylphM»yt>-I* 

propyno 

1 ^ 

75 

52 


4-EthylptienyU«tyIcnc 

' S 

— 

2115, d 


2,4-Dimcihylpbenyl- 

awtylcno 

2 

75 

43, 445, 86 

CioIIioO 

2'Etho^phenyla«tyl('ne 

I 

— 

446 


l-(4-Metho\ypheiiyl)-l» 

propyne 

1 

75 

127,447 


2-Metho^'<>-mctbyl- 

plienylacetylcne 

5 

— 

211d 


3*Metho^-l-pbcnyl-l- 

prcppyno 

3 

~ 

336 


2-nydrov4-pbenyl-3' 

butyno 

t 

6 

70 

89 

448, 449, 415 

CiotlioOj 

3,4-Dimcthosypbcnyl- 

acctylcno 

5 

41 

1045 

CioHuN 

Metbylpbfnylpn^ 

argylaniine 

1 

so 

450,265 

(Jioiiu 

1,9-Decadiyne 

4 

41 

451 


l-Propynyl-5-metbj 1- 
cyclobcTene 

3 


397, 39S 


Sm P. S3 tor rxplanatioB of tjinboli and mrtbods in Iba tnblo. 

• RrfercncM S33-St9 ar« listrd on pp.n-TS. 

t TJi« product io un»!»b)o aoil toMn tuirepm. It »»i inUtcd ai a dibiomide. 
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ORGANIC REACTIONS 


FormuJa 

Compound 

Alethod 

Yield 

% 

References * 

C 10 H 14 O 2 

l, 8 -Dmietho 3 iy- 2 , 6 - 

3 


305, 316 


octadisme 




CiatLi 6 

l-Deceii-4-yne 

3 

Good 

170 


l-CycIahexyl-2-butyne 

3 

78 

28, 41 


4-Cyclohexyl-l-butyne 

2 

80 

28,30 


l-(3-Methylcyclohexyl)-l- 

3 

— 

397, 398 


propyne 

3-(3-MethyIcyclohexyI)-l- 

2 



397, 398 


i prop3me 




G 10 H 16 CI 2 O 2 

l,6-DicWoro-2,5-<iieth- 

3 

— 

452 


oxy-3-hexyne 




CioHieOs 

Butylproparpyl propionate 

3 

21 

177 


Amylpropargyl acetate 

3 

10 

177 

CioHis 

1-Decyne 

1 

— 

435 



2 

68 

4, 29, 86, 48a 



4 

53 

142,143,188,136c 


3-Decjme 

3 

47 

183 


4-Decyne 

3 

Good 

179, 183 



4 

42 

142, 143 


5-Decyne 

3 

SO 

164, 168 



4 

69 

187, 142, 143, 54. 





192, 140 


8-Methyl-4-non3Tie 

4 

35 

54 


2,2,5,5-Tetramethyl-3- 

6 

55 

356 


he^Tie 




CioHigO 

Butylpropargyl propyl 

3 

34 

177, 436 


etber 




CioHigOz 

l,4-Di-n-propoxy-2-butyDe 

3 

16 

101 


2,5-Diethoxy-3-hexyne 

3 

14 

101 


Cu 


CuHrN 

[ 2 -Quinolylacetylene (?) 

1 


70b, c 

CiiHio 

* 5-Phenyl-I-penten-4-j-ne 

3 

70 

176, 170 

C 11 H 10 O 3 

2-EthoxyphenylpropioHc 

acid 

1 

50 

453,446 

CuHio04 

2,3-Dimethoxj'phenyl- 
propiolic acid 

1 

— 

454 


3,4-DimethoxyphenyI- 
propiolic acid 

1 


1046 


p. 52 for explanation of pjTnbols nnd methods In this table. 
• References 233-519 are listed on pp. 72-78. 
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Formula 

Compound 

Method 

Yield 

References * 

CiiHiiBr 

3*Bromo-2,4,6-triinethyl- 

phenylaeetylene 

1 

57 

5S 

CuHuCl 

l-ChIoroethyi»yl-2,4,6-lii- 

methylbcnacne 

1 

— 

2115 


l-Chloroethj'nyl-l-jsO' 

propylbenzene 

1 

~ 

2116 


5-Chloro-l-phenyH- 

pcntyne 

3 

75 

172 

Li'iitiu'JlO 

3j3hloro-6-inethoiy-2,4- 
1 dimethylpbenylacelylene 

I 

GO 

50 

CiilInCIOs 

3-Chloro-5-methoTy-2,4- 

dimethylpheDytpropiolic 

add 

6 

55 

59 

Liutlu 

2,4,6-Triinethylphcnj'l- 

acolyleno 

- 

71 

43, 80, 5$, lOli 


2,4,6-Trimelhyl|^Dyl- 
acctylcno (T) 

S 

~ 

2116, 43 


1 ^Isopropy!ph«Byl- 
acety!«ne 

5 

■* 

2116 


3-(2,4-Dim«t hylphonyl)*! • 
propyne 


75 

52 


3-(2,^Diinethylplicnyl)-I* 

propyne 

■ 

75 

52 


l-PhcnyM-pcntyno 

3 

70* 

65 

105 

183 

CijIIuO 

l-rhpnyI-l*pootyn-3-oI 

1 

C 

I 

89 

415 

CiiTIuN 

EthylphenylpropaTKyl- 

* 

30 

265 


Beniylmelbylpropapsyl- 

amine 

' 

~ 

450 


4-Ethyiiyl^Tinyl*l,G' 
hrptadieno (T) 

4 

Poor 

152 


2,l(>*Undewdvyn*l-oic 

6 

2t 

451 

c„Tr,« i 

1,10-Undoeadiyiio 

1 

Good 

455 

CuHw 

1 •Undi«pcn-3-ync 

4 

SO 

IS6 


5-Cj'clohox)'H-pcnlyiie 

2 

SS 



5-Cj-clohe\j l-2*pcnlync 

3 

65 

2S 


I.<3'Mcthylcyclobc'qfI>'l- 

butyno 

3 


397, 398 


SW p. 52 (or rritUMtioo of ind inflkoJ* wi t*bte. 

• RofmoM 233-519 are batrd OD pp. 7»-78. 
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ORGANIC REACTIONS 


Formula 

Compound 

1 

Method 

Yield 

/C 

References * 

Cnllis 

l-C3-Methj’lcycIohcxjd)-2- 

3 

. 

307, 398 


butyne 

1 4-(3-Methylcj’clohexyl)-l- 

5 

- ■ 

397, 398 


butyne 




CiiHisOj 

9-Undecynoic acid 

1 

Quant. 

45G, 81, 457 


lO-Undecj-noic acid 

1 

49-77 

458, 81, 451 

CijHm 

l-Undecyne 

1 

Poor 

328, 459, 460, 435 



2 1 

50-80 

27 



4 

51 

142, 143, 86 


2-trndec\'ne 

1 

— 

460, 461, 462 


5-Endec3'ne 

3 

70 

183 



4 

GO 

54 


SiS-OimetbyW-nonj-ne 

3 

3 

174 



C 

73 

174 


Cl5 



Benzcne-1 ,3-dipropj'noic 
acid 

1 

50-55 

463 


Benzene-l-bromoacrylic-S- 
propiolic acid 

1 

i 

463 

CuHs 

a-Napbthylacetylene 

1 

i 

464 


^-Napbthylacetylene 

1 

35 j 

51, 465 

CisSiiBrOs 

3-Bromo-2,4,&-trimethj-l- 
phenylpropiolic add 

1 

75 

58 

C12H12 

4-Phenyl-l-hexen-5-yne 

5 

34 

466 

CisHijBrO 

l-Phenyl-3-ethoxy-4- 
bromo-l-butyne I 

3 

GO 

4660 

C12H13C1 

l-ChloroethynyI-5-iso- 

propyl-2-inethylbenzene 

1 

— 

2116 

CiiHi4 

2,3,4,6-Tetrameth3-l- 

phenylacetylene 

1 

65 

58 


2-iIethyl-o-isopropyl- 

pbenylacetylene 

5 

— 

2116, d 


3-(4-Isopropy3phei2yI)-l- 

propyne 

2 

75 

52 


l-Phenyl-l-hexyne 

1 

3 

70 

65-70 

105 

172, 183 

CuHuO 

Phenylpropargyl propyl 
ether 

3 

1 


336 


See p, 52 far erplasatiiJa c? STizibols end methods ia iMs table. 
* References 235-519 are listed oa pp. 72-78. 
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Formula ' 

i 

Compound 

Method 

Yield 

References * 

CisHuO 

l-Phenyl-3-etho^-.l- 

3 

50 

466o 


butyne 




CuUnUi 

2,10-Dodecadiy»c-l,12- 

6 


451 


dioic acid 




CijllisO* 

2-Dodccync-l ,I2Hlioie add 

6 

61 

451 

CisHm 

6-Cyelohc^H-he^nc 

2 

87 

28 


6-CyflQhexyb2-he'cyne 

3 

so 

28 

Cijn« 

l-Dodecyne 

1 

24 

467, 17 



2 

34 

86 



4 

57 

188 


2-Dodecyne 

1 

1 

17, 468 


3-Dodccyiio 

3 

63 

172 


6-Dodecyno 

3 

23 

183 



4 

5S 

142, 143, 187 


2,9-Dimcthyl-5Hlc«ync 

Z 

Poor 

168 

UuUtsO] 

l,4*Dusobuto'ty-2-bulyno 

Z 

18 

101 


Cjj 


Culf«02 

o-Naphthylpropiolic add 

1 

85 

469, 470 



6 


465 

Cjslita 

2-Ethynyl-3*methyl» 

1 

45 

124 


naphthalene 

3-(l»Naphtbyl)-l-propync 

2 

SO 

131e 

CjjUicU 

3-(2-Furyl-l*phcnyl)*l» 

3 

35 

175 


propyno 




Cl, 111, 

3*(5-IsopropyI*2-tnclhyI* 

2 

75 

52 


phenyl)*! -propyno 
l*PhenyI-l-hepfyi»o 

1 

70 

105 

UiaiiieU, 

rhcnyJpropynal diethyl 

1 

60-86 

228, 33S, 412 


•ocUl 

6 

68 

414 

UijIIm 

5,8-Trideeadiyno 

3 

13 

177 


3-(/rnna-2-Deea]yl)- 

2 

SC 

31 


propyne 

3-(ei»-2-DecaJyI)propyne 

2 

77 

31 

ChIImCI 

l-Chloro-4-tridec3nio 

3 

65 

172 


Cu 


ChIIjCf, 

4,4'-Dibromt>diplienyl* 

1 

74 

4S3 


.ttlylcne 





p. 52 for eipUrutioD of symbols sad motlioda In tbis toblo. 
• Referonoes 232-519 ti« luted os pp. 72-78. 
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Formula 

Campouod 

Method 

\1eld 

References * 

c,irr„ 

I-Tclradccyne 

1 


17 


2-Tefradeeyne 

1 



17, 408 


7-Tetradecyn« 

4 

3S 

18S 

CuUkO, 

l,4-Diisoamylo}ty-2- 

butjTio 

3 

14 

101 


Cis 


CjsTItBrO 

4-Bromobeiiioylphcr»y>- 

acotylone 

1 

40 

4S5 

Cjsir,cio 

2-Chloroj)benylbcn*oyl- 

acetylene 

I 

90 

4S5 

OijIIiqU 

Benzoylphenylacelyicnc 

1 

6 

30 

78 

4S5 

23i>, 990,373,393, 
4S5a, b 

CljUuU) 

4<Blphcnylpropiotie add 

1 

•_ 

4S0, 487 

CisHuBr 

l<<4*Dromoplienyl)-3> 
phcoyl-l •propync 

3 

‘iO 

03 


3-K4-BromopbeQyI)«l> 
pbenyH -propane 

3 


93 

Ulttlu 

1 ,3-DipbenylpropjTie 

3 

70 

93, 4SS 

tJisHuU 

4*Metbo}:}'dipbeDyl« 

acetylene 

1 

■“ 

480 

L'lsllsa 

l-<2-C^dchetea-l-yl)-3* 

evdohexvloroovne 

3 

Good 

SOS 

C,5ll« 

O.O-Pcntadecadjyno 

3 

15 

179 

CuIIm 

Cyelopentadecyne 

1 

— 

400 

^isllss 

1-Pentadecyne 

2 

Poor 

53 

CulInO, 

10-Undocyii*I-«l diethyl 
aeet.'d 

1 

24-25 

70o 


Cw 


Citlln 

l,4-Dipbenyl-l*buten-3- 

S 

- 

104/ 

Ci»IIisO} 

p-Metboxypheaylbcnic^l- 

1 

30 

4S5 


acetylene 

6 1 

33 

377, 490a 


p. S2 for orplonation of symbota and motbods in tbis table. 
* Rcfensces 233-519 are bated oa pp. 72-78. 
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ORGANIC REACTIONS 


Formula 

Compound 

Method 

Yield 

/O 

References * 

CifillisO; 

7 )-Mctlioxylx;nroyl phenyl- 

1 

50 

485 


acetylene 

0 

CO 

490(1, h, c 

Cjtlln 

1 ,4-Dipheny 1-2-bu t yne 

3 

8 

1G4 


2,2'-Dimel hyldiphrnyl- 

2 

no-iis 

200 


.'icctyleiie 

3,3'-I3imethyIdiphenyI- 

2 

80 

200 


acetylene 

4,4'-DimethyldiphenyI- 

1 



401 


acetylene 

2 

80-05 

200 



5 

Quant. 

IOC, 1085 

CibHuO: 

2,2'-Dimetho>.'ydiplicnyl- 

2 

— 

200 


acetylene 

3,3'-DimcthoxydiphenyI- 

2 



200 


ncelyicno 

4,4'-Dime thoxydiphenyl- 

1 

80 

201, lOSc, 492 


acclyleno 

2 

00-05 

200 

CjeHaiSa 

W«(p-Tolylracrcapto)- 

1 

— 

213 


acetylene 

WiCBenzylmorcapto)- 

1 

1 — 

478 


acetylene 




CnHj? 

1,15-Hexadccndiyno | 

1 

— 

455 


G,9-Hcxadecadjyno 

3 

15 

179 

CieH2802 

7-ITcxadecynoic acid 

1 

— 

493 

CicHjo 

1-Hexade(yne 

1 

— 

17, 81, 494 



2 

05 

40 


2-Hexadecyno 

X 

— 

17, 408, 495 

Ci7 

CitHi2 

l,5-Diphenyl-l,4-pcnta- 

3 

10 

170 


diyne 




C 17 H 1202 

2,5-Diphcnyl-2-pcnten-4- 

1 

i 

490 


ynoic add 




CitHmOz 

3-(S-Nonyiiyl)veratTole 

4 

.51 

497 

CitHk 

7,10-Heptadecadiyiie 

8 

18 

179 

CjtHjo 

Cyclohcptadetyne 

1 

— 

490 

Cis 

CisHi2 

pS aphthylphenyl- 

1 

58 

IS 


acetylene 





Sefi p. 52 for explanation of aymbola and methoda in tli» table. 
* References 23^510 are listed on pp. 72-78, 













SYNTHESIS OP ACETYLENES 


Formula 

Compound 

Rletliod 

Yield 

Be/ercnces * 


/j-Naphthylphenyl- 
acetylcne (Continued) 


- 

197 

CwHis 

4,4'-Dicthyldiidiei»yl- 

acetyleno 

2 

73 

200 


3,4,3'i4'-Tetramclhyl- 

diptenyldiacctylene 

2 

00-95* 

200 

'-!i8iiigUa 

4,4MJicthoxydipbcnyJ* 

acetylene 


— 

19S(? 

UiaHisUi 

3,4,3',4'«Tetramelhc»xy- 

diphenylacetylenc 


45-50 

199 

UistlgiUa 

S^ctadGcynoic acid 

1 

— 

49S 


CJ^ctadecynoic add 

1 


498,499, 500, 501, 
602, 603, 504. 
505 


7-OctadGcynoic acid 

1 

— 

498 


8-Octadceyaoic add 

1 

— 

503 


O^cUdccynoic add 

1 

33-12 

500,507, 508,500, 
223a 


10-Oetadecj-noic acid 


— 

503 

CisUaUj 

12-Ilydro.xy»9*ocladc» 
cyfioic acid 


“ 


C»H54 

l.<jcUdoeyno 

1 

— 

17 



4 

— 

13Cc 


S^ctadocync 

1 

— 

17, 4G8 


0-Octadccyno 

4 

15 

ISS 


Cij-C« 



l-Nonatlocync 


73 

511 

CjoHa 

4,4'>Di*n'prop>ldii^nyi> 

acetylene 

' 

55 

200 


DimcsitylacclylcDO 


— 

515 


ll-Ilicwynoic add 

1 

— 

403 

C„II„ 

1 3 3-Trinhcnvl-l*pronviic 

3 

80 

1G2 

CbIIh 

Di-l*naphthyLacetylcnc 

5 

— 

190 

Calls. 

4,4''IW-n-butyldipteByl- 

2 

55 

200 


13>Pocoeynoie acid 


75-90 


CuHii 

5,5,5*TnphcnyH*pcnteD- 

3-yne 

3 



i^uUseUi 

3-{8'Pentadocynyf)Tcsa- 

trol 

4 




p. 53 for oapUnAt^** oxinbols «Dd rurthods is tl>2i tablo. 
• ttrloro&w* S33-419 en PP- n-TS. 
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ORGANIC REACTIONS 


Formula 

Compound 

Method 

Yield 

% 

References * 

C 23 H 40 

10,13-Tricosadiyne 

3 

i 

Poor 

179 

C 25 H 1 S 

4,4'-Diplienyldiplienyl- 

2 

91 * 

200 


acetylene 




C27R2fl 

1,3,3,3-TetrapIienyl-l- 

3 

60-70 

162 


propyne 




15^^74 

1,1,4,4-Tetra-p-bromo- 

5 

Poor 

207 


pheny]- 2 -butyne 




CzjtlisCls 

1,1,4,4-Tetra-p-chloro- 

0 

13 

207 


phenyl-2-butyne 




^2:^22 

l,l,4,4-Tetraphen.yl-2- 

3 

40-50 

162 


butj-ns 

5 


207 

Cj-jHiiOi 

Di-2-anthraquinoiiyl- 

1 

89 

205 

1 

acet)'lene 

5 


206 

CmH25 

l-Phenyl-3,3,3-tri-p- 

3 

SO 

162 


tolyl-1 -propyne 




CjjHs] 

l,l,4,4-Tetra-p-tolyl-2- 

5 

— 

207 


butyns 




C22Hm04 

1,1,4,4-Tetra-p-metIiasy- 

5 

— 

207 


phenyI-2-butyne 




CjjHjsOi 

1,1,4,4-TetTa-p-etlioiy- 

5 

35 

207 


phenyl-2-bntyne 




CiijHjj) 

l,l,l,4,4,4-He2:aphenyl-2- 

3 

20-25 

162 


butyne 



! 


See p. 52 for explication of gyrabola and methods in this table. 
♦ References 23S-519 are listed on pp. 72-78. 
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KATDHE OF THE P-EACTIOX 

A variety o£ organic and inorganic cornDOtmds ptKsessing labile 
hydrogen atoms add readily to acrylonitrile vrith the formation of mole- 
cules containing a cyanoethyi grouping ( — CHoCHoCX;. This reaction 
is commonly hnovn as “cyanoethylation’' and resembles closely a 
AHchael type of addition- 

SH d- C:H-=CHCX — RCHiCHiCX 

Typical compotmds containing reactive hydrogen atoms rrhich have 
been added to acrylonitrile are as foDorrs: 

L Compounds ha-sing one or more — XH — groups such as ammonia, 
primary and secondary amins, hydrazine, hydrosylamine, imicies, 
lactams, and amides. 

IL Compotmds having one or more — OH. — SH, or — AsH — groups 
such as ■mater, alcohols, phenols, osimes, hydrogen suiSde. mercaptans, 
and arsines. 



CYAXOETHYLATIOX 


SI 


in. Certain acidic compounds, other than carboxj-lic acids, sucli as 
hydrogen cyanide, hydrogen chloride, hydrogen bromide, lij^poclilorous 
acid, and sodium bisulfite. 

IV. Compounds possessing the grouping HCXg in which X is chlorine 


or bromine. 

y. Sulfones hai-iog a — CHi— group betTOUl the SO,— group 
and an olefinic linkage or an aromatic ring. 

M. Nitro compounds having a — CH — , CHj , or CII3 group 

contiguous to the — NO 2 group. 

^^I. Ketones or aldehj-dea having a — CH— , — CH2— , or CH3— 
group contiguous to the carbonyl group. 

\1II. Compounds such os malonic esters, molonomidc, cj-anoocet- 
amide, etc., in uhich a -CH— or -CIIs- group is situated hctiiiecn 
—C 05 R,—CN, or— CONH— groups. 

K. Compounds such as benia l cyanide or allyl cj-onido in rrhich a 
— CHa— group is situated helwceo a cyano group and an aryl nucleus 


or an ethylenic linkage. . .... 

X. Compounds in nhich a -CII- or -CHa- group is sitiiat^ 
between two ethylenic c.arbon atoms of a carbwyclo or of a heterocj-de, 
such as cj'clopentadiene, indene, fluorene, and -*p icnj mi 0 e. 

The cj-anoethylation maotion, e.recpt «ith mtain ammej usimlly 
requires the presence of an alkaline Mtalj^t. ^ pica c.a a j ... 
J useful for the purpose arc tho oxides, hyd^rides, alkorfes, hydride , 
cyanides, and nmides of tho alkali metals sorhiim and pota.ssium, as uell 
as the alkali metals them-seives. Tlio strongly basic quaternary amrn^ 
niiim hydroxides, in particiikar bcnryltrunethyliimmonu m hydmM.0 
(Triton B), are particularly effeetiye because of Ihe^olilbili j in otganm 
media. Only smiUl .mioimts of catatet am mqiiirrf! usiually from 1/u 
to 5% of natalvsl based on tbo rmigbt of Ibo arrylomtalo is sufficient. 
The cyauoethyiation of rorlain amines requims an acidic 

hlSy of the mactious am strungb' exothermic and 
to pmveut excessive polymeriratiou of the acr,; omtrile. 
such as beurene, dio.xane, pyridine, or aceton. rile “ 

dissolve solid reactants or to moeiorate tho m.ac ion, Irrt-B.lb 1 l^lcohol, 
nllhoiigh maolivc u-ith acrylonitrile at temi^rutums nbm e W . s mla 
tivcly inert at or near mom temperatum and is often 
since it dissolves nppmciablc amounts of potas,.iiim h,dro.xido (up 

about4C' toEivcancffccth-cCJitnlj'st^o''’^'®"’ . , 

In „X to prevent sudden reactions uMch may ^t “ 

is advLsahle to dissolvo or disperse the raWys m the ^ 

vith or ivithout tho .ISO of an auxiliary solycut, and ^ 

nitrilo gradually ivitli mccliimiral stinung 'vlulo controllmg the tempera 


turo of tho reaction. 
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SCOPE AlHJ LliUTATIONS 

It is most convenient to discuss the scope and limitations of the cyano- 
ethylation reaction in terms of the different classes of compoimds vrhich 
add to acrj-Ionitrile. This is done in the subsections which follow. 

Cyanoethylation of Ammonia and Amines (Tables I-IV) 

Ammonia and most, amines add to acrylonitrile without the aid of a 
catah-st.* In general, amines add more readily than any other class of 
compounds, but the ease of addition varies considerabh'. IMth those 
amines which react slowly an acidic or basic catalyst is desirable, and 
with some amines a catalyst is essential. Primary amines may react 
with one or two moles of acrylonitrile. Low temperatures favor the 
addition of one molecule of amine with formation of a secondary amine, 
an albylcyanoethylamine; higher temperatures result in the addition of 
the initial secondary amine to a second molecule of acrydonitrile with 
formation of a tertiary amine, an alkj'ldicyanoethj-Iamine, especially if 
excess of acrylonitrile is present. Since secondary amines can yield 

EXH; -b CHi=CHCX -> EXHCHiCH;CX 

EXHCH-.CH1CX -b CH;=CHCX RX(CH.CH;CX). 

only a single product with acrylonitrile the temperature at which the 
reaction take place may be varied over a wide range. 

Ammonia yields a mixture of mono-, di-, and tri-cj’anoetht’latron 
products,^^'* though the last is formed much less readily than the other 
two. 

H;XCH;CH;CX 

XHi -b CHr=CHCX ^ HX'(CH^;CX): 

XtCHiCHiCMi 

The yield of the three cyanoethylamines depends upon the proportions 
of the reactants and the temperature. TThen five moles of anhydrous 
liquid ammonia is heated with four moles of aciylonrtxile in an autoclave 
at 90^^ for thirty minutes, K-aminopropioninile is obtained in only 
12.5% yield, whereas the disubstituted amine, &ts( 2 -cy 2 noethyI)aii 2 ine, 
is obtained in about 75% yield.’^ If the molar ratio of liquid ammonia 

- E=a U. S. pst. 1,502.615 [C.A_ 29, 2515 ClS3o,]. 

= Wiat^icre, MaiSsr, Ts-lsr-, Chapin Weisil, aad TapSio, J. A-n. Cr^~ 

65, 725 aanj. 

* lIcrasorasTT-. J- A't. Crjm. 67, 1501 (1&1.3). 
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to acrylonitrile is S:l, a 22% jneld of /S-aminopropionitrile and a 64% 
yield of the secondarj' amine can bo obtained * by reaction at 40®. If 
one mole of acr3’lonitrile is gradual^' added to one mole of concentrated 
aqueous ammonia at a temperature between 30® and 35®, and the mixture 
is allowed to stand for three hours, fris(2-cj'anoethyl)amine can be ob- 
tained in 85% j-ield bj’ dis tillin g the product in vacuum. On the other 
hand, rapid addition of acr3’lDmtrile below the surface of an excess of 
aqueous ammonia preheated to 110® follmved bj’ a short reaction period 
and rapid cooling gives /J-aminopropionitrile in more than 60% jdeld.^ 

An extcaisive studj’ of the reaction of aqueous ammonia ndth acr3’!o 
nitrUe * has shown, as would be predicted on theoretical grounds, that 
increasing the ratio of aqueous ammonia to acr3'lonitriIe favors formation 
of the primar3’ amine. UTicn the molar ratio of aqueous ammonia to 
acr3'lonitrile is 20 : 1 and cooling is emplo3'ed, a 39% 3’ield of the primary 
amine and a 39% 3-ield of the secondary amine can be secured.* By 
operating without cooling and under pressure the exothermic reaction 
carries the temperature to 71®, and, under these conditions, a molar 
ratio of 7.5 moles of aqueous ammonia to one mole of ocr3'lon5triIe 3Hclda 
38.3% of the primary amine and 53.2% of the secondary amine. 

At liigher temperatures hydro^-sis and disproportionation of the 
various aminopropionitriles occur. At 150® aqueous ammonia and 
acrylonitrile 35% of ^-aminopropionic acid after eight hours.* It 
has also been pointed out b3' Ivirk * that /J-aminopropionic acid is formed 
upon heating l«s(2-c3-aooethyl)aimne with aqueous ammonia at 200® 
in an autoclave; and KQng* has shoum that /S-aminopropionitrile is 
formed by pyro^-sis of fcis(2-c3-anoethyl)amme or tn's(2-cyanoeth3-l)- 


amine. 

Methylamine adds to acr>'lonitrile in the cold to gi^•e a 78% 3aeld of 
P-methylammopropIonitrile; » ex'cn in the presence of methanol, which 
itself adds to acr3-lonitri]e when alkaline cata]3-sts are used, the omme 
adds readily. Upon heating methylamine and acrylomtriJe m a sealed 
tube at SO® for sLx hours, the di-C3'anoeth3'lation product is fomed. 

Ethylamine with an equimolar quantity of acryl^itrOe below 30 
gives a 90% 3-10^ of p-cthylaminopropionitnle.* IVhen heated with 
axcess acrj-lonitrile, a 60% 3-ieId of 6w{2.03-anoethyl)ethylaiiiine * is 
obtained. Similarl3', n-propylamine and jsopropylarame gn e, respeo 


‘ Ford. Bue. and Greiner, J. Am. C»r«. Soc.. «»• c 

2,377.401 ICJ.,S9, 4333 (ISHS)l. 

’ Krlc. U. S. pat. 2.334.163 [C-t, 8S. 2667 
‘ K&ng. U. S. pat. 2.401.429 iC.A.. 40. 5*4. a»*0)|. 

* Cook and Reed. J. CAetn. Soe.. 1945. 399. 
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tively, 92% and 95% yields of n-propylaminopropionitrile and iso- 
propylaminopropionitrile; Ti-butylamine, sec-butylamine, and terl- 
butylamine give 98%, 83%, and 56% yields, respectively, of the mono- 
cyanoethylated derivatives.“ In general, small amounts of the di-cyano- 
ethylated compounds are obtained as by-products. 

Piperidine is a verj’- reactive secondary amine and adds to acrylonitrile 
■Ruth evolution of heat.^-'^ Morpholine is only slightly less reactive.^ 
Diethylamine, however, adds more slowly than moipholine, although 
no difficulty is encountered in obtaining a nearly quantitative jdeld of 
product merely by heating the reactants together.^ Di-n-propylamine 
gives a 90% yield of the cyanoethylation product, but diisopropylamine 
gives only a 12% yield; di-a-butylamine gives a 96% yield, and diiso- 
butylamine a 51% jdeld. 

The rate of addition of dialkylamines decreases progressively with the 
size of the alkyl groups.- For example, an equimolar mixture of acrydo- 
nitrile and di-ri^am 5 damine when warmed to 50° and allowed to stand 
overnight gives a 60% yield of ^-di-n-amylaminopropionitrile,“ whereas 
di-n-octylamine does not react with exce.ss of acrylonitrile at 50° and 
requires a temperature of 100° to give an 80% yield of / 3 -di-n-octjd- 
aminopropionitrile after one himdred homs.*^ A branched-chain octyl- 
amine reacts more slowly than the straight-chain isomer; bfs(2-ethj'l- 
hexjd)amine and excess of acrylonitrile imder the conditions just speci- 
fied give a 65% yield of j3-?)ts(2-ethylhexjd)aminopropionitrile,*^ and a 
77% yield after three hundred and sixty homs at 100°.^ These r^ults 
indicate that the rate of addition is primaril}' dependent upon the size 
and complexity of the amine.^ The basicity of the amine is probably 
not an important factor since the ionization constants of diethylamine, 
piperidine, and morpholine are, respectively, 1.2 X 10“^, 1.6 X 10"^, 
and 2.4 X 10~®, and all three react quite rapidlj'.” 

The reversibility of C 3 "anoeth 3 dation reactions, mentioned in the dis- 
cussion of the reaction of ammonia and acrj'lonitrile, is again illustrated 
by the gradual decomposition of the higher ; 3 -dialkjdaminopropionitriles 
to dialkj’lamine and acrylonitrile or its poljmer when heated near their 
boiling points. Cj-'anoethjddiethanolamine upon distillation j-ields di- 
ethanolamine and a pobmer of acrj’lonitrile.- Similarty, cj’anoethj'l- 
cj'clohexj’lamine gives 20% of cyclohe-xj-lamine.' It has also been 
obser\'ed that when equimolar amounts of secondarj' amine and acrj'lo- 

^^TarbcII, SIiake?poar, Claus, and Bunnett, J, Am, C?iem. Soc.^ 68, 1227 

^ Pearson, Jones, and CopK?, J, Am. Chem. Soc., 68, 1227 (194G)* 

“Terentev and Terenteva, J. Gen. Chem. UJS.S,R., 12, 415 (1042) 37, 3005 

(1943)]. 

^ Holcomb and Hamilton. J. Am. Chem. 5oc., 64, 1300 (1942). 

Burcklialtcr, Jones, Holcomb, and Sweet, J, Am. C^^m. Soc., €5, 2014 (1943)* 
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nitrile react some of the unreacted starting materials are always re- 
covered; the yield is never so high as when an excess of one of the 
reactants is used.* 

Tlie cyanocthylation reaction has been extended to many more com- 
plex primary' and especially secondarj' amines. Thus, benzylamine gives 
CflllsCIIsNIICIIaCIIaCN;'* 7-<hethylamtnopropylamme gives a 79% 
yield of (C2ir8)2NCir3CnjCn2NnCH2CHjCX and a 07o yield of 
(C2ll5)2NCIl2ClijCIIjX(CIl2Cn2CX)2;^*morpholinocthylaminc gives 
OC4H8NCIl2CIl2NIICn2Cir2CN in 81.5% yield.* Hydrazine hydrate 
and acrj’lonitrile in equimolar quantities react in the cold to form 
NHzNIIGII^CHaCN in 90% yield,* and hj'droxylamine gives an almost 
quantitative yield of HONUCIIiCIIaCN.* At 95* such mixed secondary 
amines as mcthyl-n-propylamine, cthylisopropylarainc, cyclopentyl- 
ethylaminc, scc-butyl-n-propylamine, n-bulyl-sfc-butylamine,** and ben- 
sylmcthylaminc ** add readily to acrylonitrile. The cyclic bases pyrro i- 
dine, 2-mcthylpiporidinc, 3*mclhylpipcridine, 4-raethylpiperidine, and 
2,&<iimcthylpiporidme arc other c-xamplcs of amines nhich add reachly. 
The cyclic imine, 2,2-dimethylcthylcneiminc, when reflirced for thirty 
hours with acrylonitrile pvos l.(2.ry«noctl.yl)-2,2.ri.mothyletWe>.^ 
imino in 00% yield.** Such alkanolamincs as ethanolar^e, diethonol- 
nmiuo, propanolamiao, and N-mcthyl-NM,thaiiolam,ao aro preferou. 
tially cyanocthylatcd on the basic nitrogen atom rather than on tiie 

'’’’ScyorLos oontainins two imino groups, surh os TO™, 
hydrogenated pyrimidines, and hydrogenated porrmidmes, react u.th 
two molecules of acrylonitrile.*^** 

NCHiCIIjCN 

/ \ 

CH, CIIi 

y + 2CII»=CIICN - 
CHi CIIj 

V 

Certai„amines,esp»i^i^— 

MethyZ'Sli™ and 1,2,3,4-telrnhjairoquinolino do not react appreciably 

r .4m Chtm. Soe^ «. WCS (mO). 

« King ond McMtUan. ^ ^ S«:.. 68. 1900 (1940). 

>• Cors«. Brjant. ..td /• 5^, 68. 1912 (1940). 

>’ Corse. and WO • 35501 

!‘Tarbcll and Fukushim . 2.017.537 [C.A , 29. 8003 (1935)]. 

“ Hoamann and Jacobi, . • 857.621 IC. 2 I, 31, 300S (1937)]. 


NH 

/ 


cir* CH» 
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NCHtCIIjCN 



86 


ORGANIC REACTIONS 


mtli acrylonitrile •wlien heated in a sealed tube at 200°,^ but in the 
presence of glacial acetic acid (about 5% of the weight of the amine) 
they react at 120-140° to give good yields of the cyanoetbylated deriva- 
tives. C5'anoethj'lation of n-butj'lcresidinej 2-metbylindolinej 1,2, 3,4,- 
10,11-bexahydrocarbazole,— and p-anisidine ^ is accelerated by acetic 
acid as catalyst. Bases appear to be ineffective as catalysts rdth this 
group of substances.- 

Other acidic catalysts that have been proposed for the cyanoethylation 
of otherwise imreactive amines are oxalic acid, formic acid, chloroacetic 
acid, sulfmic acid, and salts of nickel, zinc, cobalt, copper, or other 
metals capable of forming ammonia tes; the ammonia or amine salts of 
strong mineral acids are also successful catalj'sts.'’" — Copper salts, in 
particular copper chloride, sulfate, oleate, borate, or acetate, appear to 
inhibit the polymerization of acrylonitrile at elevated temperatures and 
to result in an improvement of jdelds.^ 

Alkaline catalysts have been verj- widelj' employed. Heterocj'clic 
bases such as pyrrole, carbazole, indole, dihydroacridine, decahydro- 
quinoline, perimidine, and tbiodlpbenyl amine are cyanoetbylated 
smoothl3' in the presence of small amoimts of sodium ethoxide.^ The 
same catalyst is effective in the cj’anoethj-lation of benzimidazole at 
room temperature in pyridine as a solvent.® a-MethjdindoIe and a- 
phenj'lindole react with acrj-lonitiile when heated in the presence of 
sodium methoride and coppter borate to x-ield mono- and di-cyano- 
eth3'lated products.® The second C3-anoeth3'l group is introduced as a 
result of addition involving the active b3'drogen in the S-position. 



CHjCHjCN CHiCH,CN 


-Aqueous potassium h 3 'droxide is a cataK-st for c 3 -anoeth 3 'Jation of 
S-(3-ammoprop3-lamino)-6-methox3'quinoline at room temperature.'* 



= I.G. rarb.7nIr.(J. .V-G.. Bria pst. 406^16 IC..4.. 31 , TSST (1937)]. 

— Gcnsler, Krrmer, Brodv, Haremr-n. rind IiKid, J. --Iri. C}jrru S-oc- 

6S. 1CG2 (lOlS). 

“ jECx5inp-r, Vcti. sad Canr-ack, J. A-n. Chrn. Soc~. 6S. 1S0.3 (194G). 



CYANOEIHYLATION 8^ 

Tnton B as a catalyst permits cj’anoethylatioa of carbazole even 
at ice-bath temperatuAj;* heterocyclic bases, such as isatin,” pyrrole, 
2-phenylindole, 2-phcnyI-3-indolecarl)OxaJdehydc, 3-indoIecarboxaIde- 
byde, and 2-mcfhyI-3-indoIccarfH».\aIdchyTle, are readily cyanoethylated 
on the nitrogen atom at moderate temperatures with this catalyst.” 
Tnton B has proi-ed useful as a catal5'st in cyanoethylation of 2,3- 
dimethylpipcridine,” 2,4-djioethylpipcridine,” raethylisopropylamine, 
n-butylmethyJamine, scc-butylmethjdamine, isobutylmethylamine, 
tnethyl-2-pentylamme, methyl-3-pcntyIamine, cyclopentylmethylamine, 
2,3-dimethyJbutylaminc, 2,4-dimetbylpentyJanjine, 4-metbyJbeptyIa- 
tnine, ethylisobutylamine, isopropyl-n-propylamine, isobutyl-n-propyl- 
a mt ne, and cyclopentyl-n-butylamine.'* 


Cyanoethylati'on of Amides, im'des, and lactams (Table V) 

Tl\e cyanocthylation of amides, imides, and lactams has been described 
by Wegler.** The addition of compounds of these classes to acrylonitrile 
takes place readily and can be considered very general. Amides may 
react ^^^th one or two moles of acrjdonitrile. N-Alkyl acid amides, wth 
an occasional exception, jncld the e-xpected products, as do imides and 
lactams. Aromatic and aliphatic sulfonamides have not been extensively 
studied, but some of them add to acrylonitrile in the same way as acid 
amides. rfUkaline catalj-sts arc employed. 

The addition of fotniamidc to acrjionitrilo occurs readily in the 
presence of alkaline catalysts such as s^um or sodium hydroxide. At 
moderate temperatures and rxith an excess of formamide the reaction 
readily j-ields /?-formyIaminopropionitriIe. At temperatures of 85" or 
higher, and particularly with an excess of acrylonitrile, di-cyanoethyla- 
tion predominates to yield ^formylirainodipropionitrile. 

HCONIt, + CIIj=CHCN -» nOONUCHtCHjCN -» IICON(CnsCn,CN), 

Formamide also can react with more than two moles of acrylonitrile; * 
a substance with five to ^ moles of combined acrj’lonitrile has been 
reported but tho structure is not known. N-Methylformamide is not 
cj’anocthylated even in the preamce of alkali catalysts although the 
corresponding N-n-propyl-, X-n-butyl-, N-n-hexj’l-, cyclohexjl-, and 
N-phenj’lformami<len ndil easjlj' to acrylonitrile.** It has been suggested 

* Bruson, J. vtiri. CAm. 64. 2457 (1»42). 

*• DiCatlo ana lindwall. J. Ain. Chem. Sot, ST. l«) (I!M5). 

” Dlum« una Linan-alt, J. <>/. CJkrm., 10; S.U 

“ Wfglfr. G^r. r»t. 734,725 [C..4., 30, 3071 (t»l4)I. 

" Wcelor, Oer. i»t. 735.771 30, S9ft2 <1*44)1 

“ UVglor. Report tol O. rarbFnbi<}.,4,.O..A^a>. 1£M1 <«pfur»H«i»ny’d«>on>^nt»>. 


S 3 


OEGA2aC EEACHOXS 


that methylformamide is sufficientlr acidic to neutralize the alkaline 
catah'Sus and render them ineSecthre.^ -S-Butylformamide will react 
with as many as four mol^ of acrylonitrile to ^ve a product of unkn own 
structure. 

Acetamide in excess gives good yields of ^acetaminopropionitrile.®’ 
It shows less tendency than formamide to react with two moles of acndo- 
nitrile. In contrast to methj'lformamide, the cj'anoethj'lation of Js- 
methj'lacetamide proceeds satisfactorily. Similarly, 2s-methylpropion- 
amide in the presence of 0.5% by wei^t of sodium hydroxide is smoothly 
cyanoethylated at 70-80° to yield CH3CH2C02s(CIl3)CH2CH2C2s.'‘' 
Benzamide and acetanilide react with one mole of acrylonitrile at 90- 
100° in a little diosane and in the presence of 1% of sodium hydroxide 
as a catalyst.” Under similar conditions, 2s,N'-5f-s-methyladipamide 
3*ields the di-cyanoeth3*lation product XCCH2CH2X(CH3)CO(CH2).{- 
COIS (CH3)CH2CH2CX. Crotonamide ” yields the di-cyanoethylation 
product CH3CH====CHC02 s(CH 2CH2CX)2, instead of the product 
CH2=CHC(CH2CH2CX)2C0XH2 preriously reported.® 

The C3'anoeth3'lation of most imides and lactams proceeds at 90-95 
in the presence of 1-2% of sodium h3'droxide as a catalyst ® to 3'ield 
the corresponding N-(2-c3'anoefh3-l) derivatives. Galat ® obtained a 
quantitative yield of X-(2-c3'anoethyl)phthalimide by refluxing phthal- 
imide and acrylonitrile for ten minutes in the presence of a small amount 
of Triton B. Succinimide and phthalimide in a little dioxane at 95 
with 1-2% of sodium h3-droxdde as a 031313*51 react to form the corre- 
sponding X-(2-c3'anoeth3-l)imides.® a-Pyrrolidone,® ^--caprolactam,® 
and 2-p3*ridone ® ma3' be C3'anoeth3*Iated in the presence of alkaline 
cata!3'sts such as sodium h3'droxide or {wtassimn carbazole. 

Certain .sulfonamides can be C3-anoeth3*lated in the same way. Ben- 
zenesulfonamide and acr^-Ionitrile, regardless of the relative amounts ci 
reactants, form primarily* the di-c3-anoeth3'lation product, 
(CH2CH2CX)2. p-.\cetaminobenzenc 5 uh'on-X-meth 3 *lamide is readSy 
cyanoethylated on the sulfonamide group. p-AcetaminobenzenesuIfon- 

CH:COXHCcH<SO;NHCHj CH;CONHCJ1<=0:N(CH3)CH;CH.CN' 

X,X-<limethy!amide, CIIsCOXHCrdUSO.XCCHa),, could not be cyano- 
etlndated on the XII — group, even though acetanilide can Ire c3'ano- 
elh3-lated. The influence of the sulfonamide group on a p-amino group 
is .sho-.’-n also Iw the failure of the amino group in p-aminobenzenesulfon- 
1.0. ra.-VT:L:.-J. .WJ3., Fr. 6TT,I20 0052). 

^ lirrx'r.Ti %tA J. .li-i. Ct-rr-i. 65. IS (ICO."!;. 

“GU-T., J. An. 67, 1414 flOSS.i. 

= a.-'i J. An. Ch~.. Son. 69, 1=05 0947, •. 
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N,NHfcQethylamide to cyanoethylate. Saccharin also resists cj-ano- 
ethj-lation. 

Some aliphatic sulfonamides have been studied; propanesulfon-X- 
metbyIamide3deId3CH3CH2CHsSOjX(CH3)(CH2CH2CX)aImostquan- 

titatively, -n-hereas propanesulfcmamide is reported not to add to aerj-lo- 
nitrile. Benzyl sulfonamide reacts with aciylonitrile in the presence of 
TViton B to yield X,X-6js{2-<yaaocthyI)benij’IsuIfonamide,* CeHsCHj- 
SOiXfCHsCHjCXjj, and not a product with c^-anoethyl groups on the 
methylene carbon atom as was first suggested.® The cj'anoethj’lation 
of aliphatic sulfonmnides has been patented by AIcQueen.** 


Cyanoethylation of Water and Alcohols (Tables Vl-Vm and XE) 

Water reacts with acrjdonitriJe in the presence of alkaline 
catalj*sts to give ^.p'-dicj’nnoclhyl etlier, XCCH-CHjOCH.CHjCX. 
Eth.vlene cj"anoh3-drin is probably an intermediate in this reaction. 

Practically’ all primary and secondary alcohols react with acrylonitrile 
in the presence of ahmline catalysts to form cyanoethyl ethers. The 

BOH + CEf-=CaCX -* EOCEiCEtCX 


reactions take place at or below room temperature with the lower 
aliphatic alcohols, particularly when the more actJ^*e baric catalysts 
such as sodium, sodium mcthcKdde, sodium or potasrium hydroride, or 
Triton B are u?^. tJsu.alJy 0.5'% to 5% of catalyst based on the weight 
of alcohol is adequate. The presence of other functional groups such as 
dialkylamino, halogen, olefinic, ether, or cyano does not interfere with 
the reaction. Glyxols and polyalcohols are readily poly-cyanoethylatcd. 
Tertiary alcohols, on the other hand, react with difficulty or not at all. 
It has been demonstrated, howe\Tr, that ethynyl tertiao’ alcohols react 
readily, the acetylene linkage apparently actiratiog the addition reac- 
tion. Only' the esters of hydroxy acids ha^^ resisted cyanoethylation; 
attempts to add ethyl glyvoLate, ethyl betate, and ethyl ricinoleate to 
acrylonitrile hatT failed. 

Most of the simple aliphatic alcohols can be cyanoethybted at 35-60* 
in the presence of 0.5-1% of sodium or sedium hydroride, Kxamples 
are methanol," etiumoI.^-^S-propanol.^allyl alcohol," n-amyl alcohol," 


■Bnison tad Rieaer, J, .t*». C%rwt, TW 21S (IWSy. 

® Bnison and Rien^r, J. Hit. CXrm. Soe.., W, 23 (1943). 

* XtfQuwn. U. S. p»L 2.424.604 (1947). 

•• Bnjaon. V. S, pst. 2.382,036 ICJ, 49, 347 

• Hopff and Rapp. Cer. pat. T31.70S IC_4, SS. i55 {IWU- 

® Aroericin Cs-anamid Co.. Brit, p**- M4.42I (C..4-* SS, 6545 (IMDJ. 
« Koelsch. /. Hit. Ckfwt. 5oe, «. 437 (1943). 



90 


OROkXIC SEACnOXS 


2-etliyllieAanol,'^ dodecanol,^ and octadecanol.'^ n-Butyl alcohol and 
aciylonitrile react rapidly at 40° "with 0.4% of sodium as a catalyst.^ 
Triton B has been used effectively for cyanoethylation of these 
simple alcohols as veil as of more complex ones. Tertiary amines have 
also been reported as satisfactory catalysts.^ 

Various methods for cyanoethylating aliphatic alcohols have been 
evaluated by iMacGregor and Pugh.-*^ As a general procedure for all 
aliphatic alcohols, including the long-chained alcohols, it is recommended 
that acndonitrile be added to a solution of 0.05% of sodium in the 
alcohol at room temperature and that the reaction be completed at S0°. 
For alcohols vith not more than five carbon atoms, tvro other procedures 
are reported as satisfactoiy*: (1) equimolar quantities of acrylonitrile 
and alcohol are shaken at room temperature vith a 2% aqueous sodium 
hydroxide solution as catal^’st-; (2) an equimolecular quantity of acrylo- 
nitrile is graduall}' added vith cooling and stirring to a solution of 0.5% 
of potasrium hydroxide in the alcohoL After the exothermic reaction is 
over, the reaction mixture is heated at S0° on a steam bath until refluxing 
ceases. Yields of SO-90% result. 

The cj-anoethylation of alcohols is an equilibrium reaction. The posi- 
tion of the equilibrium is more favorable to the addition product vith 
primary' than vith secondary alcohols. Thus, 2-propanol gives a lover 
yield (69%) of cyanoethylation product than methanol, ethanol, or 
1-butanol, vhich give S9%, 7S%, and S6% yields, respectively 
Caution must be observed in the isolation of the ^alkoxypropionitriles 
by distillation, particularly those derived from secondary alcohols or 
from primary alcohols vith more than seven carbon atoms. The alkaline 
catalyst- must be destroyed by acidiScation or neutralization since the 
products are readily dissociated by heat in the presence of alkalies into 
the oripnal alcohol and a poh-mer of acrylonitrile.'^’ 

Tertiary alcohols have not been ectensively studied. /erf-Butyl 
alcohol does not react "nith acrylonitrile at 30—40° and can, therefore, 
be used as a solvent for many cyanoethylation reactions vhich take 
place at lov temperatures. .4t SO', horvever, it reacts vith acrylonitrile 
in the presence of 2% by veight of sodium hydro.xide to form 
buto.xy)prop:oaitrile.“ .An acetylenic linkage attache-d to the tertmry* 
alcohol carbon activates the addition. Thus, ethynyl dimethyl carbinol 
in the presence of sodium methoxide adds readily to acrv-Ionitrile at 20' 

® I-G. rs?b^-uid. .A-G., Tr. pat. TSO.COI rc_r.. 30. oOCO (UCC,]. 

“ Ct^rn:ot.;ea. J. At-.. Cfj-i. Sx., 67, 1503 (I?r5:i. 

B. -asc.-., V. S. r-A- Cm-O.TSl 10-4, 3S, 55S0 fiour.-j. 

“ Erti-fa. r. 5. pat. Cr?0.7?2 [0.^4.. 36. 55^0 (1943!. 

C. :S;rtI s.T.-i ia->.ty. Cap. pat. 415^313 IC-4., SS, !Tr9 

“ MsaGrrpt-ir ap.d J, Cf-rry. See., 1945 , 333. 
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to joeld the e-Tpected ether.** Acetylenic hydrogen atoms of acetylene, 

CH» CHj 

1 1 

HfeCCOH + Cir^CHCN -*■ HfeCCOCHjCHjCN 

CH, CH, 


alkj’lacetylcncs, or phenylacetylene do not react with acrylonitrile under 
the usual cjTmoethylating conditions. 

A wide variety of alcohols of the arj-laliphatic,** alicyclic,**'** and 
heterocyclic series **•« ore readily cyanoethylated. For illustration may 
be mentioned benzjd alcohol,** cyclohexanol,** 3,4-dimethylcyclohex- 
anol,** and menthol.** 

Primarj' and secondary, but not tertiary, hydroxyl groups in glycols 
and polyhydric alcohols are cj'anoethykted.*’-**^* Glycol is di-cyano- 
cthylatcd in more than 80% jneld; trimethylcne, pentamethylene, and 
decaracthylene glycols also re.<ict readily. 1,4-Pentanediol gives m 
83% yield of di-cyanocthylalion product.** Glycerol gives a tri-cyono- 
ethyl derivative’^'** in 74% jield, and pcntaerythritol, mannitol, and 
sorbitol arc reported to bo completely cyanoethylated.** A tertiary 


CHjOCDjCHiCN 

CHOCHjCHjCN 


ciwn,cii,CN 


alcohol group if present in a glycol resists cyanoethylation.** In iso- 
butylene glycol and 2-methyI-2,4-pentanedioI, only the primary or 
secondary hydroxjd reacts. Polyvinyl alcohol**"** yields products of 
varying degrees of cyanoethylation. 


OH 


(Cnj),CCHiOCH,CH,CN 


OH 

I 

(CH«)jCCH,CII(CHs)OCH,Cn,CN 


Many alcohols with ether linkages present react easily. Diethylene 
glycol,** triethylene glycol, tctraethylraie glycol,*® and the higher poly- 
ethylene glycols are readily cyanoethylated on one or both hydroxyl 

" Bruson, U. S. pat. 2.2S0,79O [C-4, SS, 55SS (l»42)J. 

» Bruson. U. S. pat, 2.401,607 10-4.. 40. 5150 (1916)1, 

^ Trapp^nhauar, K5ni£, and SchrOter, Gw. pat. 731,175 [C.A., 38, 2966 (1941)J. 

“ Carpenter. U. S. pat. 2,101,161 |C_4., *0, 7232 (1946)]. 

** Christian. Brown, and ITison, J. Anu Chen* Soc** 69, 1961 (1947), 

** I.G. Farbenind. A.-G., Fr. pat. 830.863 lC-4., 33, IS33 (1939)]. 

" lloutt, IT. a pat. 2,341.553 (C-4- 38, 4317 (1911)]. 
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groups.^ Tbe mono-metliyl, -ethyl. -n45utyl. -allyly'"- -phenyl, and shb- 
stituted phenyl etheis of ethylene glycol react normally; ftrrfuiyl slco- 
hoL^- tetrahydrororfuiyl alcohoL'®* and glyceryl c-eShers also add to 
Edylonitnle. Thiodiethylene glycol and acrylonitiile give a good yield 
of &f-?(2-cyanoethoryethyl) snlSde.”*^ Sugars,^ starch.^ and cehu- 
lose may be considered in this general class of componnds and 

have been fonnd to react to ^ve products of varions solubilities and other 
physical properties. TThen cellulose is reSuned vrith an excess of acryio- 
nitiils in the presence of 27J aqueous sodium hydroxide, a clear solution 
is obtained from vrhich dilute ethanol precipitates a vrhite Safcy product 
containing three cyanoethyl groups per ^ucose unit .®^ The cyanoethyla- 
tion of cellulose xanthate and of viscose leads to interesting Sbers.^ 
TJnsaturated alcohols vrhich have been added to acrylonitTile are 
numerous. Sodium, sodium hydroxide, and sodhim methoxide have 
normally been used as catalysts. The reaction products from allyl,^® 
methallyL'® furfuryl,^ oleyl,^* and cinnamyl alcohols,'^ geramol,® 
linalool,® dtronellol,* and unsaturated ether alcohols have been de- 
scribed. 

The hydrojyi group in cyanohydrins reacts normally vdth acrylo- 
nitrile. Formaldehyde cyanohydrin and acrylonitrile vrhen heated mth 
tributyiamine as a catalyst give i3-(cyanomethoxy)propioaitcile,“ 
NCCH2OCH2CH2CZS : lactonitr3e gives a corresnonding derivative, 
CHsCHCCTslbcHaCHsCX.^ Ethylene cyanohydrin rerth sodlnm, 
sodium hydroxide, or sodium cyanide as catalyst gives 
hfe-2-cyanoethyI ether, XCCH2CH2OCH2CH2CIS. The same product 
rari be obtained by the reaction betrreen tvro moles of acrylonitrile and 
one mole of vrater."'-^^ 

The halogenated alcohols ethylene chiorohydrin ^ and _S-chIoroethaxy- 
ethanol add to acrylonitrils in the presence of a sman amount of con- 
centrated aqueous sodium hydroxide to give QCH 2 CH 20 CH 2 CH 2 CN 
and CiGH2CH20CH2CH20CH2CH2CX. respectively. The £>-211070- 
alcohols. F(CH2)-0H, have also been cyanoethylated vrith scryio- 
nitrne.'^’ 

« V. S- pe.t. 2.403.0SO IC.a„ •40. 64:-0 

^ Hct J. Ati. Cfjr-^ £9, 232S ilSiT}. 

^ Hc-iV. t:. S. amO.iaS ic^ S7, S512 CrS43;I. 

^ Bcci HiTi. r. 5. 2,232,045 m 2,232.043 SS, 1040 aSHYy. C. S. 

ja-_ 2,243,727 [C_4. 33, 1231 054,5 ], 

^ Hem.-.,: ir-d J". /r-d. i7-.s- 33, 523 0347), 

^ U. S- 2,233,752 [C_4™ 33, 2345 41544 ;. 

^ ird Set-.i. G»t. 7342221 [CJ,, 3S, 1240 {1544)1- 

“ Kc=dr, srd Ger. psa TSSm-O [Cta., 33, SlOO (1544; 1- 

G^. paU 743224 rc_.t„ S3. 270o (1545,.> 

Si-ppdi!r?, ISO, 1* ,, (ISiTj, 
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Tertiary amino alcohols react readily with aciy’lonitrile when sodium 
methoxdde, sodium hydraxide, or Triton B " is used as catalyst. Di- 
ethylaminoethanol * gives (CsHs)aNCH2CH20CH2CH2CN in 79% 
yield; l-diethylamino-4-pentanol * gives (C2ll5)2NCH2CIl2CH2CII- 
(CH3)0CH2CH2CN in G6% yield; and ^-morpholinoethanol gives a 
43% yield of 0C4ll8NCIl2Cn2OCH2Cir2CN. Three cyanoethyl radi- 
cals are introduced into triethanolamine to give lri«(2-cyanoetho:yethyl)« 
amine, N(CH 2 CH 20 CH 2 CH 2 CN) 3 .« 

Cyanoethylation of Formaldehyde (Methylene Glycol) (Table X) 

Formaldehyde or paraformaldehyde reacts in aqueous solution with 
aciylonitrile in the presence of alkaline catalysts in the form of the 
hydrate, IIOCII 2 OII, and cyanoethylation of this intermediate is re- 
ported to take place with the formation of the hemiformal of ethylene 
cyanohixirin or the formal of ethylene cyanohydrin,** depending upon 
the proportion of reagents. 

HOCHjOH + CII,— CnCN -* HOCHiOCIIjCHsCN 
HOCIIiOrr + 2CH:-=CIICN -* N<XH,CHjOCITjOCH,CHaCN 
Only the latter compound has been isolated. 

If the reaction between formaldehyde and acrylonitrile is carried out 
in the presence of an alcohol, the mixed formal of the alcohol and 
ethylene cyanohydrin results even tliough the alcohol used is a rela* 
tively unrcactive tertiary alcohol.** The reactions go smoothly at 

(CH,),COH + CH,0 + CHf^CHCN -» (CHa),COCHjOCH»CHjCN 
35—45® in the presence of aqueous sodium hydroxide or Triton B as 
catalyst. Similar mixed formals are obtained from formaldehyde and 
acrylonitrile with such alcohols as methanol, allyl alcohol, benzyl alco- 
hol, and 2-octanol.” 

Cyanoethylation of Ilienols (Table IX} 

The reaction of acrylonitrile with tho hydroxjd groups of phenols 
takes place at temperatures in the range of about 120-140®, particularly 
in the presence of alkaline catalysts such as the alkali metals and alk- 
oxides or tertiary organic bases such as pjTidine, quinoline, or dimethyl- 
aniline.” When acrylonitrile is gradually added at 130-140® to phenol 

” Bruson. U. S. pat. 2.326,721 [C.A, 88. 606 (1M4)). 

“ WalkcT. U. S. pat. 2,352.671 88, 223 (1W5)^ 

" Bruson. U. S. pat. 2.435.S69 (1045). 

" Ufer. Oor. pat. 670.357 88, 2007 (1030)1. 
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containing 1% by -weight of sodium and heating is continued under a 
reflux condenser for four to six hours at this temperature, a good jdeld 
of ^phenoxj'propionitrile is obtained.^ 


CeH.OH -f CH^=CHCN -> CeHsOCHiCHiCX 

In the same manner m-chlorophenol, ^naphthol, various cr^Is, 
xylenols, h^'droxj'anthraquinones, hydroxj'biphen3'Is, hj'droxyquino- 
lines, and partially hj'drogenated pohmuclear phenols such as 5,6,7,8- 
tetrahydro-l(or 2)-h5-dro3ynaphthalene react -with acrylonitrile to 
jdeld the corresponding cyanoethyl ethers.^ However, the cyano- 
ethylation of ^naphthol in the presence of an equimolecular amount of 
sodium hydroxide suspended in benaene yields 2-hj'droxy-l-(2-cyano- 
ethjdynaphthalene in excellent j-ield.^ 

Poh'hj'dric phenols such as pjrocatechol and hydroquinone can hte- 
-wise be cyanoethj-lated in the presence of 1% by weight of sodimn at 
120-140° to j-ield the mono-cj-anoethyl ether or the di-cj-anoethj'I ether, 
depending upon the proportions of acrylonitrile used.^ 

Acrylonitrile is reported to condense -with resorcinol in the presence 
of hj'drogen chloride and rinc chloride to yield the lactone of ^(2,4- 
dihj’droxj-phen5'l)propionic acid which furnishes 2,4-dihydroxj’phenyl- 
propionic acid on hvdrolvsis.’^ 

O 

N:o 

/QB. 

CH; 

The cj-anoethj'lation of resorcinol in the presence of Triton B gh'es a 
40% yield of l,3-?/i4C8-c3'anoethoxj') benzene.^ Upon refluxing salic3-l' 
aldeh3*de -s^ith a large excess of acr3'lonitrile -with Triton B as a catab'st. 
a small 3ie!d of 2-(S-c3'anoethox3')benzaIdeh3'de is obtained together 
•with 3-C3'ano-4-chromanol and 3-c3'ano-l,2-ben2opyTan.^ In a similar 




•CHi=CHCX 









^HCX 

CHOH 




CH 


manner, phenol and m-methoxyphcnol give 67.5% and 76% 3-ie!d3 
respyectiveh' of ^-phenox3•prop;onitrile and m-methox^-phenox^-propio- 
nitrile.~ Halogcnated phenols such as o- and p-chlorophenol add onl;*' 

“ Kardrr.in, U. 5. rat. 2.421.337 iC-l.. 41, SC->D1 fIS47;]. 

- Latrttty a-S J. An. Cly-n. Snc., 44. 2320 <I52J). 

u and 1.,5-riat, J. .In. Chm. 70. OMS;. 
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slowly to ficrylonitrile, whereas p-nitrophenol and methyl salicylate 
apparently do not add at all.” The cynnoethylation of 6-bromo-2- 
naphthol gives a 10% yield of the corresponding cyanoethyl ether,” 
whereas 2-naphthol gives a 79% yield of /S-(2-naphthoxy)propionitrile 
when the reaction is carried out in the presence of Triton 


Cyanoethylation of Oximes (Table IX) 

The hydroxyl group of atdoximes and ketoximes adds to acrylonitrile 
in the presence of alkaline catalj’sts to form oximino ethers in 60- 
90% yields. The reactions take place at or near room temperature and 
are exothermic so that cooling and the use of an inert solvent such as 
dioxane are advisable. 

A solution of acetone oxime, cyclohexanone oxime, or furfuraldehyde 
oxime in dioxane containing a small amount of sodium methoxide reacts 
smoothly at 2^5® with acrylonitrile to jdald the corresponding cyano- 
ethyl other. Liquid oximes, such as «<thyl-/9-propylacroIein oxime, 
(CIDiO— NOH -I- CH,«CHCN (Cn,),O-N0CHjCH,CN 

methyl n-hexj'l ketoxime, and orethylhexaldo-xime, do not require a 
solvent. Insoluble o.ximes sucli as dimcthylglyoxime can be suspended 
in water containing a small amount of sodium hydroxide and cyano- 
ethylated by gradually adding aciylonitrile. 

CHiC*=NOH CII,C— NOCHjCHsCN 

I -f- 2Cn,— CIICN ^ I 

ClIjO-NOII CU,C— NOCH,CH,CN 

Acetophenone oxime in benicne containing a small amount of Triton B 
adds acrylonitrile at 40-60® to give the corresponding cyanoethyl ether. 

Benzoin oxime can be cj’anoelhylated on both the oximino group and 
the alcoholic bydro.xyl group to j-icld the mixed ether." 

c.ir»c=Nociiicn,CN 

I 

c«ir»ciiocu,cn,cN 

Cyanoethylation of Hydrogen Sulfide, Mercaptans, and Thiophenols 
(Table IX) 

Acrylonitrile reacts mth hj-drogen sulfide to yield bi's-2-cj’anoethyI 
sulfide when heated in butanol at 80® in on autoclave. The reaction 

Bachman and Levine. J. Am. Chem. Soe., 6®. 2343 (WT). 

" Bnison and Riener, U. S. pat. 2.352,51* lCu4.. 38. 5506 (1&41)]. 

" Keysner. U. 8. pat. 2,163.176 [C-4„ SS. 7819 (1939)]. 
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requires no catah'st but is accelerated b}* alkalies sucb as sodium ty- 
droxide or Triton B. At atmospheric pressure and at 25° to 75° aciylo- 

2CHs==CHCN + H;S -> NCCHiCH^^CHiCH.CX 

nitrile does not react rrith h5’drogen sulfide in the absence of an alkaline 
catalyst, but a trace of sodium methoxide or Triton B brings about an 
exothermic reaction and gives an 86-93% jneld of &fs-2-cyanoeth}'l 
Eulfide.“ The same product is formed when an aqueous solution of 
sodium sulfide or sodium hydrogen sulfide reacts with acrylonitrile at 
room temperature.^^ 

Aliphatic mercaptans, dimercaptans, and thiophenols add readily to 
acrylonitrile in the presence of alkaline catalysts. ^Methyl, ethyl, 
propyl, isopropj'l, butjd, teri-butyl, isobutjd, carbethoxjTnethjd, benzjd, 
and dodec3’l mercaptans, thiophenol, and o-, m-, and 7>-thiocresol are 
reported to react in the presence of strong bases.^'“ Piperidine has 
been used as a catalj-st for the reactions involving eth}'! mercaptan, 
benzj'l mercaptan, ^-mercaptoethanol, and ethylene dithiol.®^ Sodium 
methoxide is also effective and was employed in the addition of octyl, 
nonyl, and lauiyl mercaptans to aciyloaitrile.® 


P,SH -b CH2==CHCN -> P^CHjCHjCN 


Other, more complex mercaptans which have been studied are 2- 
mercaptobenzothiazole,®’-®’ 2-mercaptothiazoline, 2-mercapto^methyl- 
thiazole, and 2-mercaptobenzoxazole.^ Hurd and Gershbein “ have 
shown that benzyl, hydroxj'ethyl, and phenyl mercaptans add to acrylo- 
nitrile in the absence of alkalies to give excellent j-ields of cj-anoethyla- 
tion products. The sulfhydryl group in hydroxyethyl mercaptan reacts 
first. Alkali is required for cyanoethylation of the hydroxyl group. 
According to one report thiourea and thiocarbanilide add in the mer- 
captol form to acrj'lonitrile; according to another rejwrt, however, 
thiourea and acrylonitrile do not react at 100° in the presence of 
alkali,-* 

The sodium salts of dialfcyldithiocarbamic acids, such as dimethyl- 
and dibutyl-dithiocarbamic acid and piperidinodithiocarbamic acid, in 
acjueous solution add to acrylonitrile to yield the corresponding cyano- 

" Ger^bein and Hurd, J. Am. Soc.^ 69, 242 (1947). 

^ Bruson, unpublis-ned Trorb. 

HoTiihan and J. Ind. Eng. Chem.^ 39, 223 (1947). 

*■' Harraan, TJ. S. pat. 2,413,917 [C-4.. 41, 2440 (1947;]. 

K Gribbins, aad OXearr. V. S. pat. 2,397.960 [C-4.. 40, 3542 (194^J. 

Rapopcrrt, Sraitb, and Xerrman, J. Am. Ch^m. Soc-, 69, G94 (1947). 

«= CUEo-d and V. S. pat. 2,407.135 IC.A.. 41, 4SS (1947)1. 
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ethylated derivatives* 2'DiethylammoethanethioI adds readily to 
S S 

ItaNCSH + Cni=CHCN R,NCSCHjCHiCN 
acrj’lonitrile without the use of a catalj-st.” 

(C,Hj)jNCH,CH,Sn ^ {C,Hj),NCH,CHsSCHiCH8CN 

Cyanoethylation of Ar^es (Table Xm) 

Mann and Cookson “ have reported that phenylarsine reacts witli 
acrylonitrile to give phenyl-6is-(2-cyanoethyl)arsine. 

CjHiAsHa + 2CHy=CIICN -* C«HjAs(CIIjCH2CN)j 

The reaction is very vigorous with alkaline catalysts such as traces of 
potassium hydroxide or sodium mcthoxidc." Analogous reactions have 
been described with p-aminophenylarsinc and mth diphenylarsino to 
give HjNCgHiAsfCHjCIfaCfOj and {Ceni) 2 AsCH 2 CH 2 CN, respec- 
tively." 

CyaaoetbyUtion of Inorganic Acids and Hydrogen Cyanide (Table Xm) 

Hydrogen chloride, hydrogen bromide, hydrogen cyanide, hypochlo- 
rous acid, and sulfurous acid as sodium bisulfite have been added to 
acrylonitrile. Many of the carboxylic acids such as formic, acetic, and 
benzoic have failed to add either in the presence or absence of alkaline 
catalj'sts. 

^Vhen hydrogen chloride or Iiydrogen bromide is passed into acrylo- 
nitrile with cooling, the corresponding 0-chloropropionitrile or /?-bromo- 
propionitrile is formed.*^’® 

Hydrogen cyanide, however, odds to acrylonitrile only when an alka- 
line catalyst is present.*’ In the presence of a small amount of potassium 
cyanide, acrylonitrile and hydrogen cyanide combine at atmospheric 
pressure to yield succinonitrile." If a large amount of water and sodium 
cyanide react with acrylonitrile at 80®, the product is largely succin- 

“ Clinton, Suter, Laskowski, Jackman, and Huber, J. Am. Chem. Soe., 67, 597 (1945). 

» Mann and Cookson, Naturt, tE7, 848 (1946). 

** Cookson and Mann, J. Chrm. Soe,, 1947, CIS. 

Moureu and Brown, BuJl. toe. cftim. ^niaee, (4) 87, 003 (1930). 

■> Stewart and Clark, J. Am. Cktm. Sbe., 69,713 (1947). 

*♦ Oerman iSjmMclve Fiber Development*, p. 661, Tertrle Heaoarch Institute, New York, 
1946. 

« KurU. Gcr. pat. 707,852 IC,A„ ST, 2747 (1943)1. 
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imide.®^ The addition of hydrogen cyanide in the presence of alkalies 
to acrylonitrile has been patented by Carpenter.®® 

Hypochlorous acid does not undergo cyanoethylation. When acrjdo- 
nitrile is dissolved in "water and treated at 0 - 30 ° "with chlorine or hjT>0' 
chlorous acid, a-chloro-/ 3 -hydroxj'propionitrile is formed. An excess of 
calcium carbonate may be added to neutralize any free hydrochlonc 
acid formed.®® 

HOCl + CH2=CHCN -> HOCH2CHCICN 

Alka li bisulfites in aqueous solution readil}^ add to the or, ^-double 
bond of acrj'lonitrile to yield alkali metal salts of /S-sulfopropionitrile.®* 

CH2=CHCN + NaHSOs NCCH.CHjSOjNa 


Cyanoethylation of Haloforms (Table Xlil) 

Chloroform and bromofonn add to acrylonitrile in the presence 
of Triton B or potassium hydroxide to give 7-trichlorobutjTonitrile 
( 11 % jdeld) and 7-tribromobutjTonitrile, respectively. Iodoform does 

CHCI3 + CH2==CHCN CI3CCH5CH2CN 

not add to acrylonitrile under the same conditions. 


Cyanoethylation of Sulfones (Table Xm) 

Mixed aromatic aliphatic sulfones in vhich the aliphatic carbon atom 
joined to the sulfur atom is attached to a multiple linkage add to acrylo- 
nitrile in the presence of alkaline catalysts,®® Such sulfones are illus- 
trated by CeHsSOzCHaCeHs, C6H5S02CH2CH=CH2, and C6H5SO2- 
CH2CO2C2H5. Two molecules of acrylonitrile react.®® 

CH2CH2CN CH2CH2CN CH2CH2CN 

I I i 

CeHsSOiCCeHs C6H5S02CCH=CH-. CensSO-CCOsCsHs 

I I I 

CH2CH2CN CH2CH2CN CH:CH:CN 

” 'Wolz, Ger. pat. 741,156 [C.A., 40, 1173 (1946)]. 

^ Carpenter, U, S. pat. 2,434,606 [C.n., 42, 2615 (194S)]. 

” Tuerck and Lichtenstein, Brit. pat. 566,006 [C.A., 40, 5772 (1946)]. 

“ Carpenter, U. S. pat. 2,312,878 [C.A., 37, 5199 (1943)]. 

“ Bnison, Niederhauser, Riener, and Hester, J. Am. Chem. Sae., 67, 601 (1945). 

“ Niederhauser and Bruson, TJ. S. pat. 2,379,097 [C.A., 39, 4618 (1945)]. 

^ Bruson, U. S. pat. 2,435,552 (1948)]. 
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Cyanoethylation of Aliphatic Nitro Compounds (Table XI) 

Aco’lonitrile reacts T\nth aliphatic nitro compounds having a methiny], 
methylene, or methyl group contiguous to the nitro group. The usual 
alkaline catalj'sts, potassium hj-draxide, sodium ethoxide, or Triton B, 
are required.*^' **‘®*‘“ 

Nitromethane and acrylonitrile in equimolar quantities w-ith sodium 
hydroxide as a cataij’st react to give primarily the mono-cyanoethylation 
product, 02NCH2 CHjCH 2CN.“* TVlth excess acrj’lonitrile the crystal- 
line lris{2-cyanoethyl)nitromethanc, 02NC(CIl2CH2CN)3, is the chief 
product, and is accompanied by varydng amounts of mono- and di-cyano- 
ethylation derivatives.”'*” 

Nitroethane jnclds a mixture of mono- and di-cyanoethylation prod- 
ucts, 7-nitrovaleronitriIc, CH3CII(N02)CIl2CH2CN, and y-nitri>Y- 
mcthylpimelonitrilc, CH3C(N02)(Cir2CIl2CN)2.«’->” Similarly, 1- 
nitropropane reacts to give a mixture of C2n8CH(N02)CH3CH2CN 
and C2H5C(N02)(Cn2Cll2CN)2. 

2-Nitropropanc,”*''” nitrocyclohcxane,**-” and D-nitroanthrone,*” 
molecules in which only mono^yanocthylation is possible, give the 
expected products, y-methyl-y-nitrovaleronitrile, l-nitro-l-(/5-cyano- 
ethyl)cyclohexane, and O-nilro-9-cyanoetliylanthrone, respectively. 


(CU,),C(NO0CII,CII,CN 





Cyanoethylation of Ketones (Table X) 

Acrylonitrile reacts wth ketones possessing methinyl, methylene, and 
methyl groups contiguous to the carbonyl group to introduce one, two, 
three, or more cyanoethyl groups.*®* The mode of operation and the 
catalysts are the same as those described for the cyanoethylation of 
alcohols or amines: the oxides, hyditHddes, alkoxides, amides, or hy- 
drides of the alkali metals, the alkali metals themselves, or especially 

" 1.0. Farbcnind. A -Q.. Tr. p»t. 882,027 (1943). 

Wulff. Ilopff. and Wiest, U. 8. pat. apiJn. Ser. No. 404,150 (1943). 

BuckUy and LoT^'e, Brit. pat. 6S4,0S0 [C^A., 4t, 3473 (1947)]. 

Buckley and Lowe, Brit. pat. 5SS,099. 

*'• Bruson, U. S. pat. 2,361,259 [C.A., 39, 2079 (1945)]. 

><» Bruson and Kiener, /. An. Chem. Soe , 84, 2850 (1942). 
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Triton B; advantageouslj' in the presence of inert solvents or diluents 
to control the reaction. 

RCOCHi RCOCfCHiCH^Clsls 

Acetone and acrj'lonitriJe in equimolecular proportions give a small 
j-ield of mono-cj’^anoeth3'lation product, CH3COCH2CH2CH2CN.^'^ 
With three moles of acrj-lonitrile in the presence of sodium hj'droxide 
or Triton B as catahst, the crystalline tri-cjmnoethjdation derivative, 
CH 3 C 0 C(CH 2 CH 2 C 2 ^ 3 , is obtained in 75 - 80 % yield, and upon 
further c3’anoeth3*lation a cr3'stalline tetra addition product can be 
isolated, 1 sCCH 2 CH 2 CH 2 COC(CH 2 CH 2 CN) 3 . 

The uns3Tnmetrical aliphatic meth3'l ketones, such as meth5'l eth3'l 
ketone,^ methyl n-prop3-l ketone, meth3*l isobut3'l ketone, methyl 
n-am3d ketone, and meth3'l n-hex3’l ketone, react rvith acr3'lonitrile in 
the presence of alkaline catah-sts to C3'anoeth3'late the meth3'Iene in 
preference to the meth3d group.^'^*®^ The mono-c3'anoeth3'lation prod- 
uct, CH3C0CH(R)CH2CH2CN, is not readil3' obtained in good 3deld 
since it is cyanoeth3'lated further; vrith tvo moles of acrv'lonitrile the 
chief product is CH 3 C 0 C(R)(CH 2 CH 2 CIs) 2 - Excess of acr3'lonitrile 
^es a trisubstitution product, XCCH2CH2CH2COC(E,) (CH2CH2CX)2i 
in Trhich the methyl group has reacted; higher c3'anoeth3']ation deriva- 
tives from further reaction of the methyl group have been d^cribed.*® 
!Meth3'l isobutyl ketone reacts less readil3' than meth3-l n-amyl ketone. 

Other aliphatic ketones have been studied. Diethyl ketone and excess 
acr3'lonitrile ^ve chiefly a tri-C3'anoethylation product,^ CH3C- 
(CH2CH2C2 s) 2COCH(CH2CH2C2^CH3. Diisopropyl ketone reacts 
slu^ishly, probabh' owing to steric hindrance, but the mono- and 
the di-substitution products, (CHslaCfCHzCHaCNlCOCHfCHsla Juid 
(CH3)2C(CH2CH2CN)C0C(CH2CH2CN)(CH3)2, have been isolated.^® 
Diisobut3’l ketone does not react appreciably with acrylonitrile. Di- 
benz3'l ketone and acrylonitrile combine to grre a ruinous mixture from 
which the tribasic acid, C6H5C(CH2CH2C02H)2C0CH(CH2CH2' 
C02H)C6lIs, has been isolated after alkaline hydroh-as.^ Phenyl- 
acetone 5-ields the di-cyanoeth3'lated product, -/-acetyl-y-phenyl- 
pimelonitrile, C6H5C(CH2CH2C-V)2C0CH3, in 86% 3deld.^ 

Ahcyclic ketones react like their aliphatic analogs but more readil3'- 
Cyclopentanone and cyclohexanone and its 4-substituted deriva- 
tives ^ react with four moles of acrylonitrile to give products with aD 

“ Shanacm, V. S. pat, 2nS1.371 [C^., AO, 330 (1940)]. 

Brosoa, XT. S. pat. 2,311,153 [C_4. 37, 4500 (1943)]. 

Wiert EDtJ Glasr. XT. S. pat. 2,403,570 [C.a., 40, 643S (1946)], 

" BmsoTL, XT. S. pat. 2.3S6.736 IC,A.. AO, 7234 (1946)]. 

^ Bnuon. XT. S. pat. 2,257.510 [C_4., 37, 140 (1943)]. 
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the hj-drogens on the tn-o carbon atoms adjacent to the carbonyl group 
replaced. The mono- and di-Q’anoethylated products have been 
isolated, but poly-cyanocthylation takes place very readily and even 
«-ith limited amounts of acrj-lonitrile the tetra addition product is 
formed. 2-3fethj*Jc3T3Qhexanone is tri-cj-anoethj-Iatcd u-hile a-tetra- 
lone and 2,2,5,5-tetramethyltetrahydrofuran-3-one are di-ej'ano- 
ethylated. 

CHj 

ciij— cn, cii, 

{Nccniciidji itcnsCnjCN-), (NCciT:Cni)j(!; (!:(ch,chiCN), 
^co ^co 

CITj 

n,c ^9^' 

^ CtaijCHtCN')* 

KCUjCUjC 



{cir,)si h 


(Cn,), 

(CnjCTljCN), 


Aromatic aliphatic ketones react verj' readily. The methyl ketones, 
e.Tcmplified by acetophenone and its homologs, p^methyl, ^^methatj’-, 
p^hloro*, p-bromo-, and p-phenyl-acelophenone, give crj-stalline tri- 
cyanoethylation products, ArCOC(CH 2 CIl 8 CN) 3 , in good jaelds.’" 
The addition products with one and two molecules of acrj-lonitrile are 
not described. 2-NaphthyI metbj’l ketone reacts siinilarly.*“ E\’en 
acetomcatylene, which frequently enters into reaction in its enol form, 
gives a 30% jdeld of the tri-cyanoethj’lation product.*” 

Propjophenone and desosybenroin represent molecules mth only 
two hj’drogens on the carbon attached to the carbonjd group and thus 
di-cj’anoethylation derivatir'es result, ■Hwnzoj’l-r-methylpimelonitrOe, 
C 6 HsCOC(CIl 3 )(CH 2 CHaCN)„ and QIIjCOCfCeHslCCHaCHaC^lz. 

Heterocyclic alkj-l ketones are equally reactive. 2-Thicnj-I methyl 
ketone and 2-furyl methyl ketone yield crystalline tri-cj-anoethj'Iation 
products,”' and 2-thienyl ethj’l ketone tmd 2-furj’I ethyl ketone jdcld 
di-cj-anoethylation products.** 


COC(CH,Cn,CN], C0C(CH.Cn.C2s'l.CH, 


“• Bniam, U. S. pat. 2,304,902 [C-4.. 40. 2S4S (1»46)1. 
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The methylene group in /S-keto esters and their derivatives reacts 
vdth acrj’lonitrile in the presence of alkaline catalysts.''^-'”'’”-”'’ Thus 
methyl or ethyl acetoacetate and the anilide, o-chloroanilide, and 2 , 5 - 
dichloroanilide give di-cyanocthjdation products, CH3COC(CH2- 
CH2CN)2C02ll and CIl3COC(CH2CH2CN)2CONII^\r. 

Several l, 3 -diketone 3 which have been studied have failed to react 
with acrj'lonitrile; among these arc 1 , 3 -cyclohexancdione and methylenc- 
hfs-dihj'droresorcinol.” The explanation offered is that the high degree 
of acidity effectivelj’ neutralizes the catal3'st. It is essential that the 
reaction mixture be alkaline to moist litmus for the reaction to occur.“ 
A similar explanation is gi\'en for the non-reacti\"it3' with acndonitrile 
of l-phen 3 d- 3 -meth 3 ’lp 3 Tazolonc, which exists primaril3’' in the enol 
form.” 

CH=COH 

^XCeHs 

H;CC=N- 


On the other hand, certain 1,3-cliketoncs in which one carboni'l group 
is part of an alic3-clic ring react rcadib- with acr3'lonitrilc in the presence 
of aqueous potassium h3’droxide or Triton B to introduce a C3*anoeth3'l 
group between the two carbonyl groups.^ 2-Acet3'lc3'clopentanone, 
2-acet5'lc3'clohexanone, and 2-acet3-lc3'clohcptanone all react similarli'. 
Boese has described the c3'anoeth3-lation of certain 2,4-diketones, notabh' 
acety'lacetone, benzo3’lacetone, 3-benz3'Ipentane-2,4-dione and 3-eth3'l- 
pentane-2,4-dione.^''’ 


CH, 

/ \ 

CHi CH- 

1 1 
CH2 CHCOCHj 

\ / 

CO 


4- CH:^HCN 


CH2 

/ \ 

CH2 CU2 
I ! /CH2CH2CN 
CH; C< 

\ / N:och 2 

CO 


Mesityl oxide, an a.^unsaturated ketone, reacts with two moles or 
acrylonitrile in the presence of Triton B to give a 73 % yield of a crystal- 
line di- and a 10 % yield of a liquid mono-cyanoeth3’^lation product. The 
latter upon further treatment with acrylonitrile is converted to the 
former. The structures of both products have been established,^ the 
mono- as a derivative of the or.^unsaturated form and the di- as a 
derivative of the jS,7-desmotrope. The mono-cyanoethylation product 

“ Wiest and Glaser, TJ. S. pat. 2,396,626 40, 3771 (1946)]. 

Boese, XJ. S. pat. 2,433,961 (194S). 

Boese, IJ. S. pat. 2,43B,S94 (194S). 
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may result from an initial reaction with the desmotropic form followed 
(ClI.)iC=CHCOCH, CH^=CCHjCOCH, 

CH, 


(CH0,C=*CCOCn, 

CHjCHiCX 


CHjCHjCN 

I 

CII^=C CCOCH, 


CH» CH,CH,CN 


by rearrangement to the «^unsaturated ketone. 

The ^,7-unsaturatcd ketone, 2-cyclohexenylcycIohexanone, adds to 
acr)-lonitriIe to jdeld a cr>’StaUinc mono-cyanoethylation product in 
which the hj’drogen of the methinyl group has roact^. Further cyono- 
ethylation then occurs on the methylene group adjacent to the carbonyl.** 


/ \ 

CH, Cl 

I 1 

CH, C< 

V 



Acrylonitrile reacts with polyketones to cj'anoetlij’latc the methylene 
groups adjacent to the carbonyl groups. Polymeric ketones obtained 
from carbon monoxide and olefins, the poIjTners of methyl vinyl ketone 
and of methyl isopropenyl ketone, and copolymers of alkj’l vinyl ketones 
with olefins and diolefins have been used in this reaction.*'* 

Cyanoethylatioa of Aldehydes (Table X) 

Acrylonitrile reacts in the presence of alkaline catalysts with those 
aldehydes in wlucb the ot-carbon atom has one or more hydrogen atoms. 

Formaldehj-de reacts as methylene glycol with acrylonitrile and j-ields 
derivatives which were discussed imder alcohols (p. 93). 

Acetaldehyde aldolizes and resimfies readily in the presence of alkalies 
and therefore yields a mixture of c3’anoethy]ation products.*** TVith 
concentrated aqueous sodium hydroxide or with sodium cj'anide as 
cataij’st, a mixture of y-cyanobutyraldehyde and y-fonnylpimelonitrile 

Mortenson. TJ. S. pat. 2,396,963 ICj 4, «. 39SI tl946)l. 

Bruson and lUoner. U. S. pat. 2.353.6S7 88, 6432 (1944)1. 
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is produced in combined jdeld of 40-50% "witb tbe first catalyst and 
38% with the second catalyst.“®-“® 

CH2CH2CN 

I 

CH 3 CHO + CH^HCN NCCH 2 CH 2 CH 2 CHO + CHCHO 

I 

GH2CH20is 

Propionaldehyde and acrylonitrile ^ve a-methyl-y-cyanobutyralde- 
hyde and 7 -methyl-^-formylpimelonitrile in 5% and 25% yields, re- 
spectively.'*^'*'® 

Dialkylacetaldehydes, such as isohutyraldehyde, diethylacetaldehyde, 
and 2 -ethylhexanal, are more stable to alkaline reagents and undergo 
cyanoethylation readilJ^ Isobutyraldehyde and acrylonitrile with 
saturated aqueous sodium hydroxide as catalyst at 65-80° give a 35-40% 
yield of a,a-dimethyl- 7 -cyano-n-butjwaldehyde, (CH 3 ) 2 C(CH 2 CH 2 CN)- 
CHO."® It is reported that the same product is obtained by use of 20% 
aqueous potassium cj^anide as catalyst at a temperature of 80-00°."’ 
In the other dialkylacetaldehydes in which each of the alkyl groups has 
at least two carbons, the yields of cyanoethylation products with 50% 
aqueous potassium hydroxide as catalyst are about 80%.**® 

R 2 CHCHO Il 2 C(CH 2 CH 2 CN)CHO 

a-Ethyl-/3-propylacrolein and acrylonitrile in equimolar quantities in 
the presence of concentrated aqueous or methanolic potassimn hydroxide 
react, even though an a-hydrogen is lacking in the aldehyde, to give a 
50% yield of product. Apparently a hydrogen atom and the double 
bond imdergo a shift which permits the introduction of a cyanoethyl 
group in the rearranged product.*" 

C2H5 C2H5 

CH3CH2CH2CH=<!4— CHO + CH2=CHCN -> CH3CH2CH=CH(!;CHO 

<!:H:CH2CX 

The hehavdor of aciylonitrile with benzaldehyde in the presence of al- 
kaline catalysts has not been explained. Two products are formed: one 
a liquid, b.p. 225-2.30°/5 mm., consisting of one molecule of benzalde- 
h 3 -de and two of acrylonitrile; and the other a colorless solid, m.p. 73°, 
b.p. 270°/3 mm.*" 

E. I. du Pont de ^Tcmours i Co^ Erit. pat, 57C,-S27 (194G). 

Walter. U. S. pal. 2,400.0SG [C.A., 41, 1235 (1947)]. 

I.G. Farbenind. A.-G., Fr. pat. SS034G (1043). 

Bni-^n and Riener, J. Am. Chrm. Soc., 66, 50 (1944), 
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Cyanoethyktioa of DerivatiTcs of Malonic and Cyanoacetic Acids 
(Table XI) 

Aciy'Ionitrile and the esters or amides of malonic acid react at 30-50® 
in the presence of alkaline catal3’Sts, in particular sodium, sodium ethox- 
ide, potassium hydroxide, or Triton B, to form mono- or di-cyanoethyla- 
tion products.*’' Monoalkjdatcd malonic esters are mono-cyanoethylated 
under the same conditions.**-*'* 


COjR 

I 

CHcn,cn,CN 

COiR 


CO»R 

I 

C{CH,CH,CN)i 

COtR 


CONH, 

1 

C(CHiCH,CN), 

I 

CONH, 


From equimolar quantities of acrylonitrile and ethyl malonate with 
sodium ethoxide as a catalyst, a 40-45% jdeld of a mono-cj-anoethyla- 
tion product results, NCCH8CHjCH(C02C8H8)j.'» This same prod- 
uct is obtained in small amounts when sodium is used as catalj'st, but 
tho di-cyanoethylated malonic ester, ■y,-y-dicarbethoxypiineIomtrDe, is 
fonnod chiefly.*” An 82.5% yield of this latter compound results from 
the condensation of two moles of aciylooitrile and one mole of malonic 
ester in the presence of Triton B; malonamide reacts equally u’eh to 
give an analogous product.” 

Of the monoalkylated diethyl malonates, ethyl, n-butjd, bensyl,” and 
cyclopentyl *** have been studied, and they react smoothly with one 
mole of acrylonitrile, sodium atkoxido or Triton B being used as catalj’st. 
All the products have the formula RC(CIl2CH2CN)(C02R)2. 

Ethyl cyanoacctate and two moles of aciydonitrile give with Triton B 
essentially a quantitative jicid of V'Carbctfaoxj’-Y-cj'-anopjmelomtrile, 
C 2 H 502 CC(CN)(Cn 2 CIIsCN) 2 .” Sodium, sodium hj'droxide, and 
cyclohexj’lamine have also been used as catalj-ats in this reaction.**® 
Cj-anoacetamide and acrylonitrile with Triton B give a 70% yield of 
NCC(C0NH2)(CH2CH3CN}2.” 


Cyanoethyladon of Aiylacetonitriles (Table idi) 

Bcnzj'I cj-anide and substituted beaeyl cjTinides, ArCH 2 C?J’, react 
%’igorou5lj’ ■with acrj’lonitrile if traces of strong bases are present. It 
is usually difficult to isolate the monOKTj-anoethj-lation products in good 
yield, but the di-ej'anoethyUtionproductsare obtained in excellent jnclds. 

*'• Lochtc, TKomas. and Truitt, J, CAam. 5oc., 66, 551 (IC44). 

“> Koclsch. Chem. Sve., 65, 2*5S (IMS). 
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The reaction rambles that which takes place with certain arj'l sulfones 
and related compounds described in the section on sulfones (p. 98 ). 

Benz5d cj’anide and acrj-lonitrile in equimolar proportions with sodiiun 
ethoside as a catalj'st ^ve a 20 - 33 % jdeld of a-phenylglutaronitrile, 
C6H5CH(CH2CH2CN)CN.-- a solution of benzjd cyanide in /eri-butyl 
alcohol with a little potassium hydroxide as a catal\-st rapidly takes up 
two moles of acrylonitrile to form 7-cyano-q'-phenylpimelonitrile in 94 % 
yield.”'^ With sodimn as a catalyst, a 78 . 5 % jdeld is reported.^’ 

p-hdtrobenzyl cj'anide in dioxane solution with Triton B catah'st 
^ves a 91 % yield of 7-cyano-7-(p-nitrobenzyl)pimelonitriIe.^ p-Chloro- 
ben2yl cyanide, p-isopropylbenzyl cyanide, and a-naphthj'lacetonitrile 
have also been di-c3'anoeth3'lated in good j-ield.*^ 

Cyano ethylation of a,p-lTnsaturafed Nitriles (Table XII) 

Crotononitiilereactswithaciylonitrileinthe presence of basic catalj-sts, 
in particular Triton B, to give two products, a-ethj'lidene glutaronitrile 
and 7-cyano-7-vinylpimelonitrile.^’^ The same products are obtained 
from alJj-I cyanide and acrylonitrile with Triton B. a-Ethyh’dene- 
glutarorritrile is converted to 7-c3’ano-7-vin3']pimelorritri]e by means of 
acrylonitrile and catalyst. The exact mechanism for the formation of 
these two products is not clear though the presumption is that allyl 
cyanide, which is desmotropic with crotononitiile, is probabh' the form 
which reacts with the acrylonitrile. The sequence of reactions may be 
formulated in the following way. 

CB[3CH==CHCN wi CHe=CHCH;CX 

CH:CH-CX' 

! 

CH—CHCHCX J 

ti CH:CH;CX 

CH.CH-CX 

! 

CHjCH=CCX 

The or.S-unsaturated nitrile represents the stable form after mono- 
cj-anoethylation; the dry-unsaturated nitrile is the onlj' possible form 
for the di-cj-anoethjiated derivatives." The reaction resembles that 
of mesitxi oxide described in the ketone section (p. 102). 

= BeV.cT o=d IT. S. pst. 2.305^29 37, 3205 (1943)]. 

“ Hubis and Wlihiiifky, J, An, Chm, Soc,, 6S, S2S (194C). 

— Bm-cn, r. S. pat, 2.Z5Xol5 3S, 5022 


CH-CHiC^ 




> CHi==CHCCX 
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^-Methylcrotononitrile, (Ci^2C=C-HCN^, and methallyl cyanide, 
CH2=C(CH3)CH2CN, react in a siinilar manner to yield (CH3)^C=C- 
(CH2CH2CN)CN and CH2==C(CH3)C(CH2Cll2CN)2CN » Another 
example of a similar rearrangement is that v-blch fakes place upon 
reaction of cyclohexj-lideneacetonitrfle and acrylonitrile to give a,a-<ii« 
(2-cj-anoethyl)cyclohexenylaceloiutrile.“'*** 


CHaCHa 

CIIjCH, 

CHjCHiCN 

/ 

\ 

/ \ 

I 

CII, 

C=GnCN 

-» CH, C— CCN 

\ / 

\ 

1 

CHjCHa 

CHjCH 

CH,Cn,CN 


Cyanoethyktion of Cyclic Dienes (Table XIU) 


Cj’clopentadiene reacts with acrj'Ionitrile in the absence of a catalj’st 
to form a 1,4-adduct of the Diels-Alder In the presence of Triton 


cii=cn 

1 >CII, + CH,=»CUCN 
CH=CII 


CH— CH— CU, 


ClI— CH— CHCN 


B, hoiYever, the Dicis-Alder addition is completely repressed and all six 
hydrogen atoms in c3’cIopeDtadieDe react to give a cr3’Stalline hexa- 
C)’anoetbylation derivative, accompanied by a mk-ture of lower poly- 
cyanoethylatioa products.**' 

NCIIiCHjCC CCU,CH,CN 

NCiljCntCC CClIiCHjCN 

\ / 
c 

/ \ 

^•CCH»CH* CH,CH,CN 

The fulvenes behave in a similar manner.*’* No Diels-Alder reaction 
occurs in the presence of Triton B when dimethylfuliTne and acrylo- 
nitrile react. Onl3’ C3'anoeth3’lation products are formed. 

Acr3’lomtrjle and «,w-dimeth3'lben2ofulvene with Triton B 3-ield a 
cr 3 ’stalline mono-c 3 ’anoethylatioD product whose structure is uncertain. 




lOS 
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Indpiip with ncrj-lonitrile nnd Triton B n? yir-lfls primnrily n 

cr 3 ’stnllino /n'.';(2-cyan(M'thyl)in(!f-n(‘ oven when (-((uimoliir qiiantitips of 
reactants arc employe<l. A small amount of di-c’yams'thylation ])ro<hiet 
may be isolated. With three mole tajnivaleiits of aerylonitrilc the yield 
of primary product is over tW/c.*-* inuorerie and authrone rvith aerndo- 



LI 





Cn:CII:CX 




xccnsCii, crtciijcx xccn:Cii: cnjcriicx 


nitrile and Triton B Rive excUtsivcly di-cyanoclhylation prcnluct-s in 
75-S0% yiclds.’^*-'^ Tlic reactions of indenc, fliiorene, and anthrone 



with acrylonitrile take place at room temperature with evolution of 
lieat. In order to prevent c.\cc.s.?ivc poh-mcrization of the acradonitrile 
and to allow cyanoethylation to go to completion, the rase of inert 
solvents such as tcrt-butyl alcohol or dioxanc, which di.ssolvc the solid 
methylene compounds and moderate the reaction, is helpful. 


EXTENSION OF THE REACTION TO HIGHER HOMOLOGS OF ACRYLO- 
NITRILE 

Substituted acrylonitriles sucli as a-mcthjdacrylonitrile and crotono- 
nitrile react less readily than acrylonitrile wlh the various classes of 
compounds considered in the preceding section of this chapter. It has 
not been possible to add aldehj'dcs or ketones to a-methjdacrylonitrilc, 
although strong!}' basic aminos such as piperidine do add to it.” Alcohols 
add to a-methylacrylonitrilc, but the pclds of alkoxj* nitriles resulting 
are much lower than in the comparable reactions with acrj'lonitrile.*^ 
Crotononitrile is much more reactive than a-mcthylacrylonitrile. Alco- 
hols,'^' amines, and nitroparaffins ” add readily to crotononitrile, and 
fluorene can be added to it.'''' 

/S-Wnylacrylonitrile reacts readily with nitroparaffins, malonic ester, 
and highly enolized ketones such as acetoacetic ester tmder conditions 
similar to those used for cyanoethylation to j'ield addition products 

“ Bnison, U. S. pat. 2.2S0.05S [C_A., 36, 31SS (19t2)]. 

“ Braj-lants. Bidl. toe. Mm. Belg., 31, 225 (1922 [C-t., 17, 1427 (1923)]. 

“'Bruson, TJ. S. pat. 2,301,518 [C.A.. 37, 2101 (1043)]. 
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coQtaining the — CH 2 CH=CHCH 2 CN group in place of one or more of 
the reactive hydrogen atoms.® 

EXPERIMENTAL CONDITIONS AND PROCEDIJEES 

Acr>’IonitriIe boils at 7S® and is soluble in rrater to the extent of 
about 7.3% at 20®. Its vapor is toxic, and it should therefore be 
handled vith due caution, preferably in a well-ventilated room or in a 
hood. Many cyanoethylation reactions are slow in starting and become 
strongly exothermic rather suddenly. It is advisable therefore to pro- 
vide a cooling bath of ice water and to add the aciylonitrile dropwise 
with stirring to the other component advantageously in the presence 
of an inert solvent, hlost cyanoethylation products are soluble in 
ethylene dichloride, and this solvent enn be used to e.xtract them from 
the reaction mixture or from any pol^'acrjdonitrile that may be formed. 

Ethylamine and Aciylonitrile; Preparation of ^Ethylaminopropio- 
nitrile and bis(2-Cyanoethyl)ethylainine.* One hundred and six grams 
(2 moles) of acrj'Ionitriie is added to 200 g. (3 moles) of a 70% aqueous 
solution of ethyiamine over a period of two hours while the temperature 
is kept below 30®. The reaction mixture is stirred at room temperature 
for hve hours and finally heated on the steam bath for one hour. After 
the reaction mixture has stood overnight, the water is remov'ed by 
adding 50 g. of anhydrous potassium carbonate and separating the 
aqueous layer. Distillation at 02-05®/30 mm. gives 177 g. (90%) of 
(S^thylaminopfopionitriJe. 

TV’hen 130 g. (2 moles) of 70% ethyiamine solution is added to 250 g. 
(4.7 moles) of acrylonitrile and the warm mixture heated on the steam 
bath for two hours and worked up as indicated above, 180.5 g. (60%) 
of 5is(2-cyanoethyl)ethylamine, b.p. 202-205®/30 mm., is obtained. 

Caibazole and Acrylonitrile; Preparatioa of 9-(p-Cyanoethyl)carba- 
zole,* An intimate mixture of 107 g. (1.0 mole) of carbazole and 250 ml. 
(3.8 moles) of acrj'Iom'trile is cooled in an ice bath, and 2 ml. of a 40% 
solution of benzj-ltrimethylammoniiun hydroxide (Triton B) is added 
to the well-stirred mixture. Upon addition of the catalj’st a vigorous 
reaction ensues; the nuxture warms up, and the pasty mass partially 
solidifies. The mixture is heated on the steam bath for one hour, and 
upon cooling a Tn-ms of crj'slals separates from the solution. These are 
removed by filtration and combined with a second crop of crj-stals ob- 
tained by concentrating the mother liquors. The jneldis ISSg. (85.4%); 
m.p. 155.5®. 

** Cliarlish, DaTiea, Aod Rose. .T . CAewi. Soe.^ IMS. 22T, 232. 
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^Anisidine and Acrylonitrile; Preparation of p-(/>-Anisidino)propio- 
nitrile.^ !Equimolecular quantities of p-anis-idine and acrylonitrile are 
refluxed Asith acetic acid (25 ml. per mole) for twelve hours. The mixture 
is dissolved in ether, Avashed successiA'el3' AAith AA-atcr and 5% bicarbonate 
solution, dried, and distilled. The j'ield of material boiling at 247°/0-7 
mm. is 70%. 

Butanol and Acrylonitrile; Preparation of p-n-Butoxypropionitrile.'*^ 
A mixture of 14S g. (2.0 moles) of n-butanol and 2 g. of 40% benzjdtri- 
methj-lammonium hj-droxide (Triton B) is stirred under a reflux con- 
denser AA'hile 106 g. (2 moles) of acrylonitrile is added at a rate such 
that the temperature does not exceed 45°. The mhxture is siirred an 
hour after all the acrylonitrile has been added, made acidic AA-ith acetic 
acid, and fractionated in A'acuum through a jacketed Vigreux column. 
The product boils at 9S°/20 mm.; jneld, 219 g. (86%). 

Ethylene Cyanohydrin and Acrylonitrile; Preparation of bis-2~ 
Cyanoethyl Ether.^ To a stirred mi.xture of 710 g. (10 moles) of cthA'lene 
CA'anohj'drin and 25 g. of 20% aqueous potassium hA'droxide, 530 g. 
(10 moles) of acrjdonitrile is added dropArise during the course of two 
and three-quarters hours while the reaction temperature is maintained 
at 40°. The mixture is stirred for eighteen hours at room temperature. 
It is then neutralized Avith dilute hj'drochloric acid and cA-aporated to 
dryness in A’acuum (30 mm.) on a steam bath. The residual oil, Avhich 
weighs 1197 g.. Is distilled in vacuum to giA-e 1126 g. (91%) of the 
product as a colorless liquid boiling at 155-165°/3 mm. 

Formaldehyde, tert-Butyl Alcohol, and Acrylonitrile; Preparation of 
tert-Butyl 2-Cyano ethyl FormaL'® To a rapidly stirred suspension of 
30 g. (1.0 mole) of parafonnaldehA'de, 100 g. of /erf-butyl alcohol, and 
5 g. of 30% methanolic potassium hj'droxide, 53 g. (1.0 mole) of aciylo- 
nitrile is added dropwise during thirtA' minutes. The temperature rises 
spontaneouslj’’ from 25° to about 45°, and the paraformaldehA-de goes 
into solution. The mixture is stirred and heated for an hour and a half 
at 35-40° to complete the reaction. It is then filtered to remoA'e a small 
amount of rmdissolved paraformaldehyde, and the filtrate is washed 
several times Avith water rmtil it is no longer alkaline to litmus. The 
washed oil is then distilled in vacuum to yield 63 g. (40%) of the formal, 
(CH 3 ) 3 C 0 CH 20 CH 2 CH 2 CN, which boils at 100-102°/10 mm. 

P-Naphthol and Acrylonitrile; Preparation of l-(2-Cyanoethyl)-2- 
hydrozynaphthalene.'^ A mixture of 55 mL of benzene, 29 g. (0.2 mole) 
of ^naphthol, 9 g. of sodium hydroxide peUets, and 12 g. (0.22 mole) of 
acrylonitrile is heated on a steam bath rmder a reflux condenser for two 
hours. Then 100 ml. of cold water is added and the mixture stirred 
until all the alkali has dissolved. The aqueous layer is separated and 
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acidified ^dth acetic acid to yield 37 g. (93%) of product wliich, after 
recrystallization from ethanol, melts at 142®. 

Sodium Sulfide and Acrylonitrile; Preparation of b«s-2-CyaiioethyI 
Sulfide.’* To a stirred solution of 480 g. (2.0 moles) of sodium sulfide 
nonahydrate and 400 g. of water, 212 g. (4.0 moles) of acrylonitrile is 
added dropwise while cooling to 12-20®. Mtev the addition, which 
requires about one and one-quarter hours, the mixture is stirred at room 
temperature for four hours. The product usually crystallizes, especially 
if seeded and cooled. If it does not crystallize, the oil is taken up in 
benzene, washed noth water, and dried in vacuum at 95®. The 247 g. 
of residual oil upon distillation in vacuum yields 240 g. (86%) of product 
boiling at 16t>-170®/0.5-l mm. whi<A crystallizes on coaling. 

Hydrogen Cyanide and Acrylonitrile; Preparation of Succinonitrile.*® 
A mixture of 300 g. (5.7 motes) of acrylonitrile and 3 g. of potassium 
cyanide is stirred Under a good reflux condenser with SO g. (1.9 moles) 
of liquid hydrogen cyanide. After the mixture has been ^varmed to 
35® for a short time the reaction becomes exothermio and is held at 
55-CO® by cooling. Wlien the reaction slows down, 105 g. (3.9 moles) 
of hj’drogen cyanide is added dropwise. The reaction is completed by 
warming for two hours at CO-70®. The product is distilled directly in 
vacuum to give 421 g. (93%) of succinonitrile, bp. 168-160®/20 mm. 

Benzyl Phenyl Sulfone and Acrylonitrile; Preparation of 3*(S- 
PhenyI«l,6-dicyano)ainyl Phenyl Solfone.” To a stirred solution of 5.8 g. 
(0.025 mole) of benzj’I phenyl sulfone, CaUjCHiSOjCellj, 40 g. of 
acetonitrile, and 0.5 g. of Triton B at 32-38®, tliere is added 2.7 g. (0.05 
mole) of acrylonitrile. The mixture is then stirred for eighteen hours 
at room temperature and neutralized with dilute hydrochloric acid. 
The product is washed with water and dried in vacuum at 95®. The 5g. 
of residual oil crystallizes ivben mixed with ethanol and, after two 
recrystallizations from ethanol, forms colorless crystals, m.p. 180® 
(yield 55%). 

Acetone and Acrylonitrile; Preparation of l,l,l-fris(2-CyanoethyI)- 
acetone.’®* To a stirred solution of 29 g. (0.5 mole) of acetone, 30 g. of 
teri-hutyl alcohol, and 2.5 g. of 30% ethajidic potassium hydroxide solu- 
tion cooled to 0-5®, a solution of 80 g. (1.5 moles) of acrylonitrile and 
37 g. of tert-butyl alcohol is added dropwise during the course of one 
and a half hours while the reaction temperature is m.aintamed at 0-5®. 
The mixture is then stirred for two hours at 5®, and the crystalline prod- 
uct is filtered mth suction. Hie yield is S4 g. (79.5%), and the product 
melts at 154® after cryslallizaticm from hot wwter. ' 

Methyl Acetoacetate and Acrylonitrile; Preparation of Methyl o,o- 
Di(2'cyanoethyl)acetoacetate.’®* To a solution of 58 g- (0.5 mole) of 
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methyl acetoacetate, 100 g. of dioxane, and 7 g. of Triton B there is 
gradually added 53 g. (1.0 mole) of acrylonitrile at 30-40°. After stirring 
for one to three hours the crystalline product is filtered. The yield is 
55 g. (50%), and the product melts at 154° after crystallization from 
acetone. 

2-Ethylbutyraldehyde and Acrylonitrile; Preparation of 2-(2-Cyano- 
ethyl)-2-ethylbutyraldehyde.”^ To a stirred solution of 700 g. (7 moles) 
of freshly distilled 2-ethylbutyraldehyde and 20 g. of 50% aqueous 
potassiiun hydroxide solution, 408 g. (7.7 moles) of acrylonitrile is added 
dropndse during two hours at 55-58°. The mixture is stirred for ninety 
minutes longer, until the exothermic reaction has ceased, and finally is 
heated for one hour at 55° to complete the reaction. The product is 
acidified to Congo red nath dilute h3'drochloric acid, wa.shed trrice ndth 
water, and dried under reduced pressure at 90°; the 1018 g. of residual 
oil is distilled in vacuum in a current of nitrogen. The product distils 
at 115-125°/4-6 mm, as a colorless oil. The yield is 821 g. (76,6%). 

Ethyl Malonate and Acrylonitrile ; Preparation of 'yjY-Dicarbethoxy- 
pimelonitrile.^ To a stirred solution of 80 g. (0.5 mole) of ethyl malo- 
nate, 100 g. of dioxane, and 10 g. of Triton B, 53 g. (1 mole) of acrylo- 
nitrile is added dropudse during fortj’^ minutes while the reaction mixture 
is being cooled to 30-35°. The mixture is stirred for two hours at room 
temperature; then it is neutralized with dilute hydrochloric acid and 
poured into 1 1. of ice water. The product separates as an oil which 
rapidly solidifies to a white crystalline mass. The yield is 1 10 g. (82.7%), 
and the melting point is 62° after crystallization from ethanol. 

Benzyl Cyanide and Acrylonitrile; Preparation of y-Cyano-Y-phenyl- 
pimelonitrile.®’' A solution of 10.6 g. (0.2 mole) of acrylonitrile in 10 g. 
of tert-butyl alcohol is added dropndse to a stirred solution of 11.7 g. 
(0.1 mole) of benzyl cyanide, 25 g. of fert-butyl alcohol, and 1 g. of 30% 
of methanolic potassium hydroxide solution at 10-25°. The mixture is 
stirred for two hours at 10-25°, then neutralized with dilute hydrochloric 
acid and diluted with 25 ml. of ethanol to aid filtration of the crystalline 
product. The yield is 21 g. (94%). The melting point is 70° after 
crystallization from ethanol. 

Fluorene and Acrylonitrile; Preparation of bis-9,9-(2-Cyanoethyl)- 
fluorene.^^ During one hour, 111.3 g. (2.1 moles) of acrylonitrile is 
added dropwise to a rapidly stirred solution of 166 g. (1.0 mole) of 
fluorene, 500 g. of dioxane, and 5 g. of Triton B, while the reaction 
temperature is maintained at 30-40° by occasional cooling with ice 
water. The solution is then stirred for three to six homs at room temper- 
ature to complete the reaction. At the end of this time, the dark brown 
solution is neutralized with dilute hydrochloric acid, and, without 
interruption of the stirring, 800 ml. of water is added to precipitate the 
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product in gnwulnr form, *1110 filtered and air-dHed product n’cighs 
250 g. Upon recrj’staiJization from 500 ml. of ethanol, the product 
separates as faintly yclio'v crj’stals, m.p. 118-119®. The jneld is 201 g. 
(74%). One more rccrj’stallization from ethanol, using Norit, gives 
the pure compound ns white needles, m,p. 121®. 

TABLES OF CYANOETHYLATION REACTIONS 

The /oJ^o^ying tables include the examples of cj'anoethylation reactions 
described in the literature covered by Chemical Ahstracls through 1947. 
A feiv articles that appeared in 1918 have been included. Attention is 
called to the fact that patents sometimes contain reports of cyanoethyl- 
ation reactions but donotpve the properties of the products. Products 
whose physical properties have not been reported are not included in 
the tables, 

TABLE I 

CT*Nomm.*Tiof« or AMuo^^u 


lUtlo of litoln 

of Ammonlo Ttmp. T»no 

to Molea of 'C. iO. 

Aerylo&itrilo 






M'AWT.VI U 

CYANdlVl’IlVI.VriON Olf VnlMAllY Aminbh 


114 


ORGA^^C BEACnOXS 



ji-Aniyliimim< I 50 — n-CjKiiNirCiraCrraON 

CycldlHiNylumino t l{o(l»x I ColInNHCiraCiraCN 

(;yol(ili(<xyl«mim! 1.5 CM) 5 1| CoHuNUOiraClIaCN 
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DiTRODDCnON 


In addition to the dionophilos atrendi' discussed in Chapters 1 and 2 
of Volume IV of Organic Reactions, tpiinones nnd other cyclcnones react 
by l,4»a(idition tn'th couiugated tliencs. A tj-pical example is the 
reaction of butadiene tvith 7>-bcn2oquinone joelding the diketohexa* 
hj’droaapUthalcne I.v* 



By means of reactions of (his type it is possible to prepare cyclo6lefinic 
ketones containing two or more fused rings. TTie reactions are especially 
useful for the prep.aration of fused-ring ketones containing cyclopcntano 
rings fused to cyclohexane rings; for example, 1,4-naphthoquinone and 
l,V-bicyclopentenyI yield the pentacyclic product IL* 



II 


The diene synthesis with quinoncs and other cj’clenones may be 
extended to provide a route to the preparation of fuscd-ring aromatic 


‘ Ilcpff »nd Ilaut^n,trauth, IT. S.pat. 2.262.0M 

• I O. Farbcnlnd. A -G.. 8wi« put. 143^53 (CAew. Zenfr-. 1931. 1. 2037). 

* Barnett and Lawrence. J- Chtm, Soe^ 193#, 110*. 



ORGANIC REACnOXs 

+ The Biimarr adducts are usuaUv hvdroaromatic systems 

• mav be converted to aromatic compounds by dehydrogena lo 
“ b^TnobStion. Aromatization may often be eS«:ted 

a- adduct HI from butadiene and 2,cMiuneth>l-l,- 
SiLoie contains ttco angniar methyl gronpsd The mono- adduce 


CHi 



m 


rom dienes and disubstituted p-benzoquinones rdth dL=similar 
:tituents in the 2 , 5 - or 2,&-positions present a special problem since Lpe. 
rnav each ^ve rise to the two angular substituted products ^own m 
the' followmg general equations. It is impossible to predict the course 



of additions of this type as the directing inSuencs are impenectly 
imderstood (see pp. 145-146). 

Diene synth^es of the type decribed in this chapter may lead <.o 
the svntheris of comnoimds of steroidal structure. The reaction between 
6-methosy-l-Tinyl-3.4r-dihydronaphthalene and 1 -methylcyclopentene- 

‘ ASht, i-Kr Sms G^L, 113 . 49 (lS33j [C-i., 29, 4C04 (1935)1. 
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(Table ^TI). The reactions of these cyclenones will be discussed in 
the order in which the cyclenones have just been mentioned. Under 
each cyclenone the various dienes will be considered in order of increasing 
complexity. 

Diels-Alder additions to cyclenones have been run in a variet 5 '' of 
solvents or in the absence of a solvent, hlost of the reactions take place 
at atmospheric pressure; a few are carried out in bomb tubes. With 
many of the p-benzoquinones two moles of the diene can be added to 
one mole of the quinone. Generally, the addition of a second mole of 
diene requires higher temperatures and longer reaction times. UTien 
oxidizing solvents, such as nitrobenzene, are employed the adducts are 
frequently dehydrogenated 


Diene Additions to ^Benzoquinone (Table I) 

Four tjqies of dienes add to 7>-benzoquinone; simple open-chain dienes, 
such as butadiene and 2,3-dimethylbutadiene; monocyclic dienes, such 
as cyclopentadiene and l-\Tnylcyclohexene; dicyclic dienes, such as 
l,l'-bicyclopenten 5 d; and fused-ring dienes, such as 4-^^nJd-l, 2-dihydro- 
naphthalene and anthracene. 

Butadiene reacts with p-benzoquinone in equimolar proportions to 
jdeld l,4-diketo-l,4,4a,5,8,8a-hexahydronaphthalene (!).»■*•»■» Two 
moles of butadiene add to one mole of p-benzoquinone to give the 
diketodecahydroanthracene (^0-® 2,3-Dimethylbutadiene and p-benzo- 




V 

® Alder and Stein, Ann., 501, 247 (1933). 

’ Alder and Stein, Angew. Chem., 60, 510 (1937). 
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qiiinone react similarlv to yield the mono- adduct C^^) quanti- 

tatively * and the di- adduct (\ai) in 60% yicld.« l^-hen the formation 
of the di- adduct is atteraptc<l in nitrobenzene at 150®, dehydrogenation 
to the corresponding 9,10-anthraquinone takes place.*‘ Two moles of 



l-phcnylbutaaicno opp niole of 

mWoti of the mono. C'^^) nnd di- adducts (p); ‘p ° 

the di- adduct is very proh-ably that pven. 

nilrobensene dehydrosenatioo takes place and X is formed m 30 /o 
jdeld.” 

0 ^ 

C.IIi II 





Equimolar quantities of 

in various solvent, to form the espeeted adduct -M."-” At the mettmg 



point (157”) U .0 adduct dccomi»scs "“bS’iVeS 

boiling acetic anhj’dride a simiLar decompo j materials, 

othe^roducts are formed fmm theinten.ct.on of the startmgmaten 

« Morgan and Coubon, J. Chrrf^ Sae- j aS. 2203 (1932)]. 

‘il O. raTbinind. A.-G.. Fr. pal. t-a^) 3^1^- “ 391. 

" Weiiraann. Ibrgmaiin, and Haskflbcrg. . 

” Bergmaim, Haskelberg. and Derpoann. /. Org. 

« Albrecht. Ann., S4S, 31 (1906). 





toe add. to f-tooqumone the adduct 

nerature, with a 100% excess of the diene, a 10% jneld of the 1, , , 




The reaction of l,l'-bicyclopentenyl or l,l'-bicyclohexenyl 
p-benzoqoinone results in the formation of the tetracyclic pro uc s 
ittx = and XX from one mole of diene, and the heptacyclic products, 
XXI ^ and XXTT/-^^'=” from two moles of diene. 


^ Diels, Alder, and Stein, Ber., 62, 2337 (1929). 

^ Cook and La'wrence, J . Chem. Soc,, 1938, 58. 

13 Bergmann, Eschinazi, and Neeman, J, Org, ChenUt 8, 183 (1913) . 

13 "Weiztnann, Bergmann, and Berlin, J. A-m. Chem. Soc.^ 60, 1331 (1938). 
Backer, Strating, and Huisman, Jlec. trav. cAim., 58, 761 (1939). 



CycMctatrtracno may be nJJeJ «« y-benioqumoae to obtaii. either 
1= mono- (X-XIII) or di-a<Uuel (XXIV).- t-Vmyl-I.WJ.y-dronaph- 






ixn 


« t”h f ‘‘h 

XX^^.=■ Thceoriespondinsd-.th,ny«mpom.djaM^^ 

product.” The prod^t from (XXVII) in 

:£“tn^^rt&^rb«a doub.o bonda have not been 






teens adds to p-teso,umon= the adduct Xtll resuttoj at ^ 

uetatate, adth a 100% excess at the dieae, a 10% jaeld of the 1, , . 

^ « aT — "V t/ I TT /^V«4-riiT>or1 




The reaction of l,l'-bicyclopentenyl or l,l'-bicyclohexenyl 
p-benzoqubione restilts in the formation of the tetracyclic pro uc 
XIX * and XX from one mole of diene, and the heptacyclic products,. 
XXI ^ and XXII,’' from two moles of diene. 


D1dI*», Alder, and Stein, B<rr., $2, 2SZ7 (1929). 

Cook and l..awrcncc, J. Cf^m. Soc., 1938, 6S. 

^ Borjonann, Efichinazl. and Necroan, J. Org. Chem.y 8, 183 (1943). 

^ Weirmann, Borcniann, and Berlin, Am, Chem. Soc., 80, 1331 (193S). 
^ Backer, Stratinc, and HxiL«nian, Rcc, trot, cAtm,, 68, 7G1 (1930). 
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Cycloootatotaeno may be added to p-beazoq^one to obtain clthep 
the mono- (XXIII) or dbadduct (XXIV).” 4-Vmyl.J,ad.hydionaph. 






xxrr 


xti d“n ‘Lf 'ST” 

ftalel »rp-bm.oquinone yield ”h»t b Pr”bably the methoay analog 
XXVI ” The corresponding deithynyl compound yields only an nnpnre 
product » The product from 4a-methyl^vinyl-l,2,4o.5^,8o-hexahydro- 
product. 1 P , ^jinone is a diketohydrochrysene pOCVII) in 
Thth tt“po“sitioS of the cmboneiarbon double bonds have not been 



« R»ppe. in Fib<r « Germany, pp. M7. 650, 651. TextUe Research 

Institute. Ino., New York. 1^®' # 52 , 42 (1037). 

■ ilS IS ”sdS..., edsaa n... isa dais,. 
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established.^' Equimolar quantities of anthrriceiio and plxmzoquinone 
furnish XXMIl hi 93% yield." 



xivni 


Diene Additions to Methyl-^benzoquinone and Substituted lAethyl- 
Jlnbenzoquinones (Table 11) 

In carrying out Diels-Alder addition.' nith methyl-ji-benzoquinone or 
■with substituted methyl-p-benzoquinoncs, use is made of solvents of the 
t^iie employed ■with 7 >-bonzoquinone. Only simple dienes have been 
utilized, and, in general, greater excesses of the various dienes are used- 
In most reactions, temperatures below 100’ are r.itScient. 

Excess butadiene and methyl-p-benzoquinone react to form the 
diketotetrahydronaphthalene XXIX.---=^ 1,.3-Pentadiene and the same 
qrdnone furnish equal amounts of the structurally isomeric diketotetra- 
hydronaphthalenes XXX and XXXI.^ At temperatures beloiv 100°} 


CH- 0 

CH ‘ 

% 

CH. O 


0 



XXIX 


Oils 


/■ 

CH 

i 

CH 

% 


CH 




CH- 


O 


CH; O 



O 



- Gafitiis E;id Botz, J . An. Cf^en. S<x., S9, 1163 (l<ii71 

^ Oar. Ber.. 64, 1676 (1831). ' ' ' ' 

- srd Cbsug, J. An, Ct^m. See., 64, 204S 11942) 

- Oraang e^I mzx. 6S, S7G (1935). 

- 11^5;, Hsser, s=d VTezSlsT, J. An. Ctjn. See., 62, 2S70 (1&40). 
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excess 2,3-dimethylbufa(lienc ami incthyl-p-l>cnzoquinonc form XXXII, 
but at 150-170* the partially aromatiied product XXXIII is obtained 
by a hydrogen shift.” 

0 

0 

Butadiene,” 2,3^iinctl.ylbutadienc,” and 1,3,5-heiatriene ■' add in a 
1:1 ratio to 2,5-diinctliyl-I.4-l»nto<iuinonc to ei'e the eapccted pnrf- 
ucts, which art! distilLablo oils; the comparable product trom l,3^yclo- 
heradienc is a solid.' Z-Methoxy-S-mcthyl-l ,4-bcnso<,umone pyes a 

75% yield ot the angtd.ar methyl derh-ativc XXXI\ with 

while Iho same diene and o-acetoty-li-methyl-l.l-benzoquinen^io 

the angular aectox>’ compound XXXV and the nngul^ar me > p 
XXXM (isolated asXXXni by hydrolj-sis).*^" 2 -Carbomethov 

cocHi cn* 




JOCOCH, 


Ion 


zxxiv xnn xxxm 

3-cacbomethoay-5-raethyl-l,4-beni»qiiinonc sive only 

oarboraethos, proelucts XXXVIII and XXXIX and none ot the 
methyl isomers.” The reaction between l,3”:yctod.ene and 2 
accto-rj-.5-mcth3-l-1.4-benzoquinonc gives three P uc a- 
acetate XL, a sterooisomerie angnlar acetate (6%), and a trace of what 
is probably the angular methyl dcrh’ath’e XLI. 

coicn, Q0,cii, 9COCII. 


“B*i 


TMT VTIT TTtg 

•Binann and Bergmsnn, 3. Org. (193S). 


ir and Seligman, 68. 1747 (1935). 

L, Buti. unpublished resulta. 

“ Bull and Bull, J. Org. Clum . 8. 497 
" Buta and Buti, J. Org. Chrm.. T. 199 (1«2)- 
" Nudenberg, Gaddis, and Duti. J. Org. Chen^, 8. 500 ( ) 
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ingular methyl compound ^ ^ no vLld a single product which 



3331 



|CH, 

HOH 



i|OH 

I1CB4 


Tel«„.etl.yl-,>be„z.,umo„e a.d 

tures above 150°. The reaction is not of the Diels-Alder typ , 
the quinone is reduced to the hydroqumone.“ 

Diene Additions to Substituted i,-Benzoquino^ Other than Methyl-^- 

henzoquinones fTaDle Ui; 

Diene additions to these more compledy substitut^ 
are generaUy carried out in aromatic solvents such as benzene ^ , 
The^ temperatures required are about the same as with the met y V 

^^ExcK^°3-dimethylbutadiene (5.5 moles) reacts with 1 of 

p.S;rquiione to ydeld a single product XLIV in 82% ,ueld - 1,1^ 
CTclohexenyl and phenjd-p-benzoquinone m the absence of a .0 
ive what is considered to be the expected adduct XLV while m mt 
benzene the quinone XLVI is formed.^ 2,5-Diphenyl-l,4-benzoqumon 





■mV 




reacts with butadiene, 2,3-dimethylbutadiene, and 1-phenylbutatone 
to yield what are apparently the angular adducts XLVII, XLVIli! 
and •yT-TN in 77%, 79%, and 89% yields, respectively.^- 

s L. Butz and Gaddis, unpublislied resiills. 

» Allen, Bell, Clark, and Jones, J. Am. Chem. Soc., 66, 1617 (1944). 
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■^Catbosj-propjl- nnd .«atljo'nTinij-l-!>-bcnio<juinoiio react mlh 
butadiene to form the e-tpccte.! products L and LI. Tlie most 
feature ol these reactions is the lanK dicnciquinonc ratio mployed, 
30:l with the carhoDTropyl- nnd 10:1 with the earboayamyl-qumone. 



Chloro-p-benroquinone react, with 2 , 3 ^metWbutaiMe » tmd jA 
2-ehlorebuladiene,‘ yieldins the “r'f* , 

2,^DichIor.t,l.Wr^uinone^^^^^^^ 

2,3-<liraethyIbuta(lieno, jnclding Ll\ ana i>v. 



in ,11 

tetraehloro-p-benrotiuinone are J"J.benro”Ilinono 

of cUotine and lead to « “™ " J .teueture; with 

and eyclopentadiene ^ and tetra- 

anthracene LVI is obtained. iv*i > 



J4S ORa^XIC EEACnOXS 

cUorop-bemoquinone in rfene give tie «■>» 

nitrobenzene t™ moles of diene add, and the adduct LVm or Mm 
is halogen free" 5,8-Dihydro-l,4-naphthoqumone and o,6,/,8-t€tra 



I.YII 


r^iir 


JjXXUJl 


hydro-1, 4-naphthoquinone reaet with butadiene in the expected manner, 
jdelding LIX and 


CH- 


/ 

CH 

! 

CH 

%- 


CH. 




0 



Diene Additions to o-Quinones (Table IV) 

Relatively few o-quinones have been utilized in Diels-Alder additions. 
In aU the reactions for which data are available, the ratio of diene to 
quinone employed has been quite large (2.5:1 to 34:1). Jlost of these 
reactions were carried out in ethanol or in chloroform. 

o-Benzoquinone and cyclopentadiene give a 1:1 adduct of unknown 
constitution while tctramethyl-o-benzoquinone and cyclop>entadiene 
react to form the cndomethylene adduct LXI in 63% yield.'*^ 2,3-Di- 
methylbutadiene and 3, 7-dimethyl-l, 2-naphthoquinone jdeld the angular 
methj'l derivative LXII.~-’‘ 

Clar. Ji'-.. S9. 10^0 (1030;. 

I.G. larSyr.Lnd. Brii. pat. 327.12S 24, 5045 (1030;]. 

^Srai'.h a.ad Il.aq. J. Art. Soc., 5S, 229 (I&3G.I. 

ric-.T ar.4 .Sr;:Er;;.aTi, J. .4i-.. C7./-1. 56, OOt-O (1034). 

« Duns, J. Arr. CU-i. Soc^ 59, 1021 (1037;. 



DIHNX SYNTHESIS III 



Several chloro- nml l,rnmo-1.2-i>nphtlio.liiinonM p.irticip.itc in D.cls- 
-Uder addition., mtl. the oaroption of I,XIII, th» Pral“‘ 
din,cthyil,ula,licno and 3,4-dicl.lopvl,2-naphthoqiimono 
duel, ara undable. Tl,c addncl U\IV from 2,3.<i,moth.vIbutn< me and 
3^Mo«Hl,2-napl.tl.oq.nnonc .lreomp,«« in a tmv hour, rvh™ kept m a 

vacuum. m,rn uarmral vith Mhanohe aorlu.m 

dimcthjd-9,lt>-phcnanthrnq«inono (lAV*) qrianfitatirc >. 


IXtl cannot be isolatcl from tho 

quinonc and 2,3-dimcth)llwtadicnc, “f standing in nir.“ 

2,3^Iiractlt5l-ll,10-phonanthraquinonc (lAV) on 

6-Bromo-l,2-naplithoquinonc nitd ^ , „.jon on reerj-s- 

ncariy puri adduct I.X\1I rvhicl. unJcrsoca dcl.ydrogcnat.on reerj 

tallization to yield LXMH.** 


LXTl 

1,2-Phcnanthraquinono rrdtl. 2- L2“d 

cyclic product LXIX, rvhich i, alM obtamed from tiro 

" F...,, „d Dunn, J. Am. CIU™. St. "• ■»“ B™' 
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Diene Additions to 1,4-Naplitlioqumone (Table V) 

, l„„e ^-arietv of dienes add to 1,4-naphthoquinone. The add-on 
is 'Lilrf to the double bond in the 2,3-po5ition, end as a result on], 

uinon. to ™ld the dihetob.dr. 

-W^o'product ui ni»^^e 

the 9,10-anthraquinone is obtained.^ l-ChlorobutadiCTe d 
react ^dth 1, 4-naphthoquinone, but 2-chlorobutadiene pelds 
although considerable amounts of starting matenals are 
2-Bromobutadiene and 1,4-naphthoqumone react m sunilar fa-hi 



The 3-chloro- derivatives of pentadiene, 1,3-hexadiene, 1,3-octachene, 
and 1,3-hendecadiene j-ield 9,10-anthraquinones after aeration ^ ° 
adducts.” 2,3-Dimethoxj-butadiene and 1,4-naphthoquinone react, an 


« arid J, Aru S<fC^ 59, 1024 (1037). 

c I.G. Firbendr.i .<..^3.. Swi?«. pat. 143^39 Z'-nlr.. 1931, 1, 2937). 

« Did' asti -'Utl!:!-. .4r.r_. 460. 110 (1925). 

o CcSrr.^. otA Carothere. J. Art, Cf^ 55, 2043 (1933); Be.-chct aa<i CaroXti- 
55. 2004 (193Tj . , 

v‘- Carotticr?, lVi!liarn«, Co3in«, and Kirbj’, J. Aru Cf.cn, See... 53, 4206 (1931). 
Carothcre, Corina. a-d Kirbv, J, An, Chen, Soc., 55, 7S5 (1933). 

Jscob*ctt aiid C 2 .rcti.cr 5 , J. At^ Chen, Sec^ 5$, 1&20 (1033). 
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the adduct, wliich has not been isolated, j-ields 2,3-dimethox5'-9,10- 
anthraquinone ivhen treated Trith sodium hj^ochlorite.” 

C>-clopentadiene and 1.3-c«lohexadieQe add to 1,4-naphthoquinone 
gii-ing LXXIV » and LXXV.'» The endomcthylene adduct IDOOV is 
unstable and gives l,4-naphthoh3'droqumone diacetate with acetic 
anhydride. Air and ethanolic alkali dehydrogenate the endoethylene 
adduct LXXV to LXX\T, which decomposes to ethylene and anthra- 
quinone at 150®.“ o-CIiloro\-inylcyclohexene and 1,4-naphthoquinone 



j-ield whieli can be partially dehydrogenated to yield 

LXX^T^.« 



l,l'-Bicjdop€iilenyl and l.l'-bitsclohesenj'l 
quinone yielding the pcntacyclic products II an 



iiTg 


tatetraene and ",S^chlorobicyeIo-P.45]-<)cta- ^ 

l*naphthoquinone yielding the compIe-K adducts tWXII.*®-* 

^-Methylene-O-anthrone and 1,4-naphthoquuione gi^e 


give 


l. 4 -naphthoquinone yielding the compile adducts L? 
lO-Methylene-O-anthrone and 1,4-naphthoquuione 

“ Johnson. Joblme, and Bodamer, /. An*. ^ 

“ Carothers and Coffman, J. Aku CV"*- f 1901)1 

" I.G, F„l,.tod. A-Q.. G.r. p. 1 . 591 . 4 M [CJ. ■!. » 



1S2 
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Tetraplienylcj-clopeiitadienoiie (cyclone) and 3,4-(l,8-naplitliylene)-2,5- 
diplienylcTclopentadienone do not react with. 1,4-naphthoqumone.^' 


Diene Additions to Substituted 1,4-Naphthoqumones (Table VI) 


^lany substituted 1,4-naphtboquinones have been employed in Diet 
Alder additions. Temperatiu-es necessary for reaction are usually above 
100°, and m aU reactions solvents are employed. 
2,6-Dnnethy l-l,4-na pbthoquinone and 2 ,i<limetbylbutadiene give a 

solid adduct LXXXiil; the reaction between 2,3-dimetbvl-l,4-naphtbo- 
qumone and the same diene proceeds more slowly and j-ields an impure 
qui . 2'^CHoro-lj4riiaphthoqtiiDone and butadiene give a 9.10- 
diketo-l,4-dibydroanthracene; with 2-methylbutadiene a 9,10-anthia- 
qtmone is the product.*' 2,3-Dimetbylbutadiene reacts with 2,3-di* 
chlOTo-1, 4-naphthoquinone and with 2,3-dichloro-5-nitro-l,4-naphtho- 

qumone juelding LSXXTV and T.YITYV - n 


u Cl 

J. 



6 a 

I.XVXV 


^cCpOS OCiDS ^ 

d ^ 1 

^ o a 

I.S>.>. IV TTXTV 

reacts with 2,3-dimethyIhut: 
V * holation of 2,3-dimethyIanthraquinone sSt 

reatment of the reaction product.^ 5,^Dihvdroxy-l,4-napl 
with b utadiene and 2,3-dimethvIbutadiene yieldii 
LXXXM and LXXXATI.-- 5,8-Diacetovy-, 5,6,S-trihydrovv-, ar 

OH O 


OH O 




^'-33 J. ’ " ^ ^ " ^Vj-stov, J. Crm. 9, 1559 (1939) [C-'t- ^ 

^ X-G. 1 • 

3=0^75 24, 2757 (1930;]. 
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5,6,8-triacetoxy-l,4-naphtlioqumone react nith tbe simpler dienes giving 
the expected products (Tabic W, p. 186). 5,6,11,12-Naphtbacenedi- 
quinone reacts uith butadiene and with 2,3-dimethylbutadiene to yield 
the complex adducts LXXXVllI and LXXXIX." 



mrr rrT tXXXg 


Diene Additions to Cyclenones Other than Quinones (Table Vn) 

Itany conjugated cyclenones have been used in Diels-Alder additions 
^0 jield a variety of fusod-ring ketones or diketones. Generally the 
cj'clenonos require temperatures above 100* and longer periods of heating 
than the quinones. 

Cyclopenton-3-one and butadiene react slowly yieldmg the bicyclio 
adduct XC in addition to some resinous material.” 1 -JIethyloyc o- 




Penten-6-one and 2 , 3 -dimethyIbutadjcncgive the angular methyl produ^ 
JCI in 52% yield.” This cyclenonc also reacts vvath 1 -J“>dcycl<> 
hexene giving a 75% yield of an angular methyl 

XCII or XCIIA.” 4a-MethyI-4-vmyWA4«,5ASadiexahyd 




sen 



SCOA 


and l-methylcycIopenten-5-one give a ^'’^^ponds 

^ riot been established but whose elementary composition corresp 

“ W and Dunn. /. Am. Chtm. Soe., S8. 1054(1930). 

^ ineind Eder. Ann., 639, 207 (1939). 

BoclcemOIUr. U. S. pat. 2,179.809 [CJl^ U. 1823 aS*®!- 
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to that of XCm or XCIIIA.^- l-Z^Iethylcrpclopentene-i.^one and 




butadiene yield the angular methj'l product XCR*,'^ vrhile this cyclenone 
and 6-niethos5'-l-Tinyl-3,4-dihj'dronaphtha!ene a 15,16- or a 16,17- 
diketosteroid Trhich has been formulated as The structure of this 

product is imcertain (see p, 139). 4,4r-Dibromocyclopentene-3,5-dione 



and butadiene gb-e XCt' in imspecified j-ield, Trhile the same dione and 
&-methoxy-l-^'inyl-3,4-dih%-dronaphthalene give a 16,16-dibromo-l5,17- 
diketosteroid XC\T.“ 


0 



! 

o 


XCT 


O 



Butadiene and 2,3-dimethyibutadiEne react with cyclohexen-S-one 
gi\-ing the octalones XCMI and XCITII in 11 and 20% jdelds.® Com- 
bination 01 this c3'c]€none with l-methy]-2-vinvIc3'cIohesene foUoweo 

r- =.=1 Eslr, J, Ar-^ Ojm. C9, 1233 (1&47). 

“ Di.:;*, arrn.. £32, 23 (1337); U. S. rc-t. 2,23-3^73 

IC„4.. 3S, 3037 (UHI jJ. 

“ BirtV.; VrvAs, J. Arz. C7.m. Stx^ £2, 2333 (ISIO;. 
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by treatment wth 2,4-<imitrophenylhydnizine 3'ields what may be the 
2,4-dinitrophenylhj’dra2one of XCIX or XCIXA.” Cyclohexadiene 


c6 5 so6 (35^ 


Tcvn 


xoTm 


XCIZ 


xcm. 


fails to react with cj’cIohexen-3-one.** Butadiene and 1,3,5-hexatriene 
do not react with l.methylcyclohcxen-3-one.“ However, butadiene 
and l-methyleyclohexen-6^ne react to form C.” 



0 

The 1:1 adducts obtained from p-benzoquinone and a variety of 
dienes (discussed on pages 140-143) can add a second mole of diene. A 
typical example is the dikctotetrahydronaphthalene (from p-benz^ 
quiaone and butadiene) which reacts with butadiene," 2, S-dimethyl- 
butadiene, «■« cyclopentadiene,* and 1 , 3 -cyclohexadiene to yield the 
expected adducts. The 1:1 adduct from p-benzoquinone and cyclo- 



** Meggy »nd Robinson. Kotvrt, I4C, 2® ., 041 , 

“ Wh^oro snd Pedlow. Cftm. «J^5S (IWl). 

« Robinson and Walter, J. Cfcm. 

« Nudenberg and Bat*. J. Cftrm. Sse, 6 «. 1«8 {IW3). 
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to that of XCni or XCIIIA l-Metliylcyclopentene-4,5-dione and 



butadiene jdeld the angular methyl product XCR’",^ -while this cj'clenone 
and 6-methoxy-l-vinyl-3,4-dihydronaphthalene ^ve a 15,16- or a 16,1/- 
diketosteroid -which has been formulated as The structure^of this 

product is uncertain (see p. 139). 4,4-Dibromocyclopentene-3,5-dione 



and butadiene pve XCV in unspecified yield, -while the same dione and 
6-methox5'-l--iTnyl-3,4-dihj-dronaphthalene give a 16,16-dibromo-l5,l/- 
diketosteroid XC\T.“ 



icT icn 


Butadiene and 2,3-dimethj'Ibutadiene react -with cycIohexen-3-one 
giving the octalones XCtTI and XCtTII in 11 and 20% j-ields.® Com- 
bination of this cyclenone with l-methyl-2-vinylc3’clohexcne followed 

« Gaddi? ar.d Bull. J. An. Ojm. Soc., 69, 1203 (1947). 

*= Dm*. asd BAKlc.ii'.raueh. Anr.., S32, 29 (1937); Dm*. V. B. pat. 2.230.233 

[CJL., 35, 3037 (1981)1. 

*= md Wood*. J. An. Ojm. Bx.. 62, 2933 (1940). 
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by treatment with 2,4-<linitrt>phenylh}'drazme yields what may be the 
2,4-dinitrophenyihj-draMne of XCIX or XCIXA CycJohexadiene 


a6 5 sc6 


/ails to react mlh cycIohexen-3-oae.** B«tadienc and 1,3,5-hexatFiene 
do not react with l-methyIcycIohexen-3-one.** However, butadiene 
and l-methylcyclohexea-6-one react to form C.*^ 



The 1:1 adducts obtained from p-benzoquinone and a variety of 
dienes (discussed on pages 140-143) can add a second mole of diene. A 
typical example is the diketotetrahydronaphthalene (from p-benro 
quinonc and butadiene) which reacts with butadiene," 2, 3-dimethyl- 
butadiene, **-<1 cyclopentadiene,* and 1,3-cyclohaTadiene * to yield the 
expected adducts. Tho 1:1 ^duct from p-benzoquinone and cyclo- 



pentadieno (XI) reacts with cyclopentadiene and 1,3-cycIohexadiene 
giving XII ” and XIV.» The 1:1 adduct (XIX) from p-benzoquinone 




Meggy and Hobmeon. A^'o^ure. 140, 2S2 (1937)> 

“ WTiitmore and Pedlow. /. Ant. Chn’i. Sae., 48 , 758 (1941). 
** Robinson and Walker. /. Cftent. Sec., 143S, 1530, 

•’ Nudenberg and Buti, J. Am. Cftew. Sac, 68 . 143 « (1943). 
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of iemperaiures between 90® and 110°, a readion time of twenty-four 
hours, and, as the solvent, benzene, ethanol, or excess diene. 

The addition of 5,6,8-triacetoxy-l,4-naphthoquinone to 2,3-diinethyl- 
butadiene in ethanol precisely exemplifies the conditions taken as 
standard. Naphthoquinones -with fewer substituents in the benzenoid 
ring react completely within much shorter periods.'*® The most reactive 
of the series (Table VI), the 5-hydroxy derivative, gave 95% of adduct 
in twenty minutes. 

Some quinone additions require longer periods at 100°. 2,5-Dimethyl- 
1,4-benzoqiunone in ethanol gave a higher yield after seventy-two hours 
than after twenty-seven. The jdeld was still higher at seventy-two 
hours in benzene. Such a difference in favor of benzene as against 
ethanol has not been observed in any other reaction. 

The standard conditions are adequate for the addition of some qm- 
nones with a methyl group at the reacting double bond. An example is 
2-methyl-8-h3’'drox}''-l, 4-naphthoquinone. With the variation of di- 
oxane as solvent, 2-hydroxy-3,5-dimethyl-l,4-benzoquinone reacts under 
these conditions. 

Tor the preparation of 2-cyclene-l,4-diones without substituents at 
carbons 2 or 3, a lower temperature must be used and an excess of diene 
avoided. A temperature of 35-40° in organic solvents or in aqueous 
emulsion is suitable (Table I). At hi^er temperatures the cyclenedione 
reacts with another mole of diene. Thus the diketodiethanohydro- 
anthracene XV, p. 142, is obtained in theoretical yield by refluxing 
p-benzoquinone and cyclohexadiene (80-85°) for twenty-four hours. 

Monoketones definitely require a higher temperature. Methylcyclo- 
penten-5-one and vinjdcj'clohexene at 170° for sixteen hours give only 
52% of the adduct; at 205° for twenty-four hours the yield is 75%. An 
excess of the ketone (Table Vil) may' be essential. 

The conditions taken as standard are probably as vigorous as can be 
tolerated in the preparation of 2-cyclene-l,4-dione3 which lack an angular 
substituent at carbon 5 or the other angular carbon atom. Otherwise, 
rearrangement to a 1,4-hydroquinone ■will take place. 

A longer period (fifty hours) was used for additions to methylcyclopen- 
tene-4,5-dione in dioxane (Table ^^LI). The group — COCR=CHCO— , 
where E, is methyl, o-carboxypropyl, or cij-carboxyamjd in cyclohex- 
enediones which are not quinones, does not react 'with butadiene in 
benzene at <0° ■within six hours. In the preparation of some diketo- 
hexahydronaphthalenes containing this group (Tables II and III) it is 
standard practice to heat in the presence of an excess of diene. The 
COCfCeHs) CHCO group in these cjxlohexenediones does not 
react in one hour at 100° when the compound is dissolved in 2,3-di- 
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mclliylbutaclicnp, but this croup in 2,5-diphcnyl-l,4-bcnz(yiuinonc doca 
react 2,3-<limcthyllm(Adipne m boiling ethanol (sue daj-g, 79%). 

The selection of soh-ent is important with certain unstable quinoncs. 
H is sometimes necessary to keep alt the quinone dissofv'ed during the 
reaction to prevent decomposition of suspended particles w hich initiates 
decomposition throughout (he mixture. For (his reason ethanol may 
be preferred to benzene. Tlie addition of a few drops of acetic acid to 
the ethanol has been found advifablc.*^ However, additions of 3- and 
4-halo-l,2-naphthoquinone3 cannot be carried out successfully' in 
etlianoJ. 

There is evidence that p-benzoquinone and cyclopen tadienc react more 
rapidly in certain solvents than in others (fast in benzene or ethanol, 
slow in carbon bisulfide, carbon tetrachloride, or n-hexano) (Table I). 
This reaction proceeds five times os fast, for a given activation energy, 
in nitrobenzene as it does in benzene.® No application of such informa- 
tion to preparative work seems yet to have been made. 

Ko careful study of the relative reactixHties of various dienes is a^'ail- 
ablo. Some of the data suggest that l^bstituted and l,4HlUiubstitutcd 
butadienes react more slowly tlian others. For the addition of tolu- 
quinone to pcntadienc forty hours was allowed, as compared with six 
for the addition of butadiene (Table H). 

Preparations from unstable dienes can be carried out to advantage in 
aqueous dl«pcrsion. Effective withdrawal of heat of reaction is attained 
in the presence of the water. Polymerization inhibitors, such as copper 
and its salts, phenols, or amines, may also be added. 

Occasionally the determination of ultraviolet absorption spectra may 
be useful in distinguishing a hydroquinonc from a cj'cJencdione. Cun-cs 
for typical hydroquinoncs ® and cydcncdionca “ arc available for com- 
parhtoQ. The spectra in.ay be valuable in detecting products of side re- 
action as well as rearrangement products. Although 1,6-nddition of a 
1,3-dicnc to a p-quinonc to give a J,4-hydroquinonQ monoether docs not 
appear to be an interfering reaction in meet quinonc-diene syntheses, 
highly hindered quinoncs nught react in tliis way’.® Diisopropenyl- 
acetylone reacts with 1 mole of tctrachloro-p-benzoquinone to give a 
Crystalline compound whose ultraviolet absorption is almost identical 
with that of tctmchlorohy’droquinone.® The structure of the adduct 
from cyclopentadieno and tctrachloro-p-bcnzoquinone has never been 
demonstrated.® 


“ Ilituhelwood, /. Chem. Soe., IMS, 23«. 

“ Schjanberg. Svemk Krm. TiL, IS. 185 ««<» {CA., 3<. 7713 (1940)1. 
" BMtron. Davis, and Buts. J. Or*. Chens.. 8 , 81« (WHS). 


"Criegec. Bo-.. 69, 2753 (1838). „ 

" Dull, Gaddis, and Duti, J. Am. Ciem. Sue, 69, 924 (1947). 
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Addition of a Diene to >-Benzoquinone; Preparation of 6-Chloro-l,4r- 
diketo-l,4,4a,5,8,8a-hexaliydronaphtliaiene.i To an emulsion of 112.5 
parts of 2-chlorobutadiene in 500 parts of water containing 10 parts of 
an emulsifier made from 40 moles of ethylene oxide and 1 mole of castor 
oil is added ,137.5 parts of TJ-benzoquinone. The mixtmre is stirred in 
the dark at 40° for twelve hours, cooled to 4°, and filtered. The adduct, 
which melts at 95° and is obtained in a 95% yield, is extraordinarily 
sensitive to light. 

Addition of a Diene to a Substituted ^Benzoquinone; Preparation of 
5,7,8-Triketo-6,10-dimethyl-2-octaIin (XLD, p. 146).=’=- Half a gram of 
2-hydroxy-3,5-dimethyl-l,4-benzoquinone, 4 ml. of butadiene, and 4 
ml. of dioxane are heated at 110° for twenty hours in a sealed tube. The 
original yellowish red color changes to a bright jmUow. After evapora- 
tion of the dioxane in vacuum, the residue crj'staUizes completely. 
HecrystaUization from ether-petroleum ether gives a theoretical yield 
of colorless trione, m.p. 120°. Pm-ification by high-vacuum sublima- 
tion at 110° is also possible. Similar^ prepared triones which are not 
so easily purified can be obtained from the reaction mixtures bj' diluting 
vdth ether, extracting with aqueous sodium hydroxide, precipitating 
the trione from the water solutions of its sodium salt with dilute sulfuric 
acid, extracting with ether, and evaporating the ether after washing and 
drying. 

Addition of a Diene to 1,4-Naphthoquinone; Preparation of 6,7- 
Dimethyl-9,10-diketo-5,8,8a,9,10,10a-hexahydroanthracene and 2,3-Di- 
methylanthraquinone. Excellent directions for the addition of 2,3- 
dimeth 5 dbutadiene to 1,4-naphthoquinone and subsequent dehydro- 
genation of the 1 : 1 adduct to 2,3-dimethylanthraquinone have been 
published in Organic Syniheses.^ 

Addition of a Diene to a 1,2-Naphthoquinone; Preparation of lOfl- 
Chloro-2,3-dimethyl-9,10-diketo-l,4,4o,9,10,10a-hexahydro-9,10-phe- 
nanthraquinone (LXIV, p. 149) and 2,3-Dimethyl-9,10-phenantliraqui- 
none (LXV, p. 149).^= A nuxture of 4 g. of 3-chloro-l, 2-naphthoquinone, 
8 ml. of 2,3-dimethylbutadiene, and 40 ml. of purified chloroform (shaken 
with concentrated sulfuric acid, then washed with water, dried, and 
distilled) is sealed in a tube and heated in a steam bath with exclusion 
of light. The tube is shaken idgorously- until all solid material has 
dissolved, for it is generally foimd that solid particles of a quinone tend 
to suffer decomposition and imtiate the destruction of material in solu- 
tion. The red color of the solution soon begins to fade and in fiftj' 
minutes has changed to j-ellow. After one hour the solution is cooled 
and shaken with Norit for ten minutes at room temperature, and the 

-Mien and BcU. Org. Si/nthf^cs, 22, 37 (1042). 
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solvent is distilled from the filtered solution in vacuum, the temperature 
bemg kept below GO®. The resulting viscous oil can be preser\-ed for 
some time as such or in ethereal suAution without decomposing. Crys- 
talline material is obtained by cooling an ethereal solution in a bath of 
solid carbon diovide and adding petroleum ether, and with seed avail- 
able the crj'stalline compound is obtained easily. Recrj-stallized from 
ether-petroleum ether, the adduct forms glistening, lemon-yellow nee- 
dles, m.p. S7-SS®; yield, 4 g. (70%). 

The pure diketone adduct, suspended in ethanol or ether, when shaken 
with air, soon changes to an orange powder, which is crj-stallized from 
glacial acetic acid to give orange plates of 2,3-dimethyl-9,10-phenan- 
thraquinone, m.p. 242-243® (cor.); jicld, 87%. Warming the oily or 
crj-st.alline diketone adduct with ethanolic sodium acetate solution gives 

2.3- dimethyl-9,10-phenanthr3qumone; j-icld, 100%. 

To obtain sati&factorj’ results in this diene addition, it is essential to 
prepare the quicone in a high state of purity and to employ pure chloro- 
form or tetrachJoroethane. Ethanol has a deleterious effect; even the 
small quantity present in commercial chloroform brings about extensive 
decomposition. 

Addition of a Diene to a i,2-Phenanthraquinone; Preparation of 
6|7-Dimeth7l-3,4-benzo-9,10-pbeQanthraquinone (LlQX, p. 160).*' One 
gram of 3-bromo*I,2-pbenanthr3quiQone and 6 ml. of 2,3-dimeth}'l- 
butadicne are heated in 70 ml. of purified chloroform (see the preceding 
preparation) in a steam bath for three hours. The oil remaining after 
^emo^•al of the solvents is treated in 6 ml. of glacial acetic acid n-ith 2 g. 
of chroimc anhydride in 20 ml. of 80% acetic acid with gentle wanning. 
Bj’ gradually .adding n-ater to the scOulion and scratching, 6,7-dimethyl- 

3.4- b€nzo-9,10-phenanthraquinone is caused to separate in a micro- 
crj-stalline condition; j-ield, 79%. Jlecrj'stallizatioa from ethanol jdelds 
lustrous, fiery-red plates, m.p. 194-195®. 

SURVEY OF DIELS-ALDER DIENE-CTCLEWONE ADDITIONS 

In the tables are listed examples of diene additions to cyclenones which 
have been reported through 194C. The Itt may not be complete, as 
the reaction is often used merely to show the presence of a conjugated 
diene and such examples may h.aii'e escaped notice. 

Many of the adducts formed in these reactions are derivatives of 
complex polj’cyclic sj-stems, and their structural formulas are so bulkj' 
that their use would e.xp.and the tables unduly. Their names also are 
cumbersome and have the additional disad\-antage that most chemists 
are not famUmr with them. Wo havo therefore been forced to adopt the 
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foUo'tt'ing expedient: Before each table is listed a group of structural 
formulas -unth their corresponding S 3 Tnbols. For example, 1,4-diketo- 
] ,4,4a,5,8,8a-hexahj'dronaphthalene has the sjunbol A. 



"Wben this diketohexahj'dronaphthalene or its substitution product is 
formed and its structure established, the symbol A is used in the column 
imder “Products.” Although A actually' refers only to the 1 : 1 adduct 
from butadiene and p-benzoquinone, the reader can easily work out 
the positions of the substituents when other dienes or p-benzoquinones 
are used and the reaction follows a normal course. Thus, the product 
from 2,3-dimethylbutadiene and p-benzoquinone has the symbol A 
which here denotes the 6,7-dimethyd derivative shoivn below. 



Since the structures of typical adducts have been adequately demon- 
strated, the products from analogous pairs of reactants are assumed to 
have analogous structures and are so entered in the tables, even though 
the structure of the particular compound was not proved. For reactions 
where the structure of the product has not been established but where a 
given structure is probable, the ^-mbol is preceded by “probably.” 
"Where isomeric adducts are possible, the pcsitions of the substituents 
will be identified by means of footnotes if these positions have been 
established. 

The letter “t.” in the column under “Temperature, “C” means that 
the reaction was carried out in a sealed tube. 

In the column imder “Yield,” a dash (— ) means that the yield was 
not recorded hut does not necessarily mean that it was low. A “nearly 
quantitative” yield is entered as 100%. The yields usually refer to 
purified compounds, hut there are some exceptions. 
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TABLE I 
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ORGANIC REACTIONS 
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l,l'-BicycIoLexenyI Butanol — Reflux 8 W 

l.l'-Bicyclohexenyl None 2 140 5 W 

l,l'-Bicyclohexcnyl None 5 100 5 V tt 

Biphenyl — — 200 3 — 

3,4,3',4'-Tctrahydro-l,l’-hi- None 0 1 150 3 XJt 
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TABIiH II— Coiitmucd 

DiWNH AdDITIONH to MnTllYr^J)-I)HN’/.OQ01NONR3 
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(1940)]. 

= Arbnzov and NTknnorov, Trans. Kirut Iasi. Chan. TeRndL Kazan, No. S, 16 (1940). 
^ Ddthey and Leonhard, Ba, 73, 430 (1940). 

^ Dieterle. Salomon, and Xosaecfc, Ba, 64, 2056 (1931). 

— Raadnitz and Stein, Ba, 68, 1479 (1935). 

Gaddis and Bntr, J. Am. Chan. See., 69, 117 (1947). 
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dXRODTrCXrOX 

An escelient method for the introduction of Suorine into the nromatic 
nucleus, described bj BaLz and Schiemann - in 1927, has been extensively 
developed since that time bv Schiemann. The method involve tvo 
steps: Sist, the preparation and isolation of a drv diazonitim fiuoborate; 
and second, the controlled decomposition of this salt bv heat to jdeld 
an aromatic Suoride, nitrogen, and boron triSnoride. 

CsHiA'H; -f HXO; d- BFi- J C!HJX■iBF^ -f H:0 OE" (1) 


CcEiX-BF^ CxHsF d- X; d" BFj C2) 


The phenomenon vrhieh mal-cs: p(sable the Schiemann reaction is the 
remarkable stability of the dry diazonrum Suoborates (sometimes callecl 
diazonium boroSuorides). These salts, almost alone among the dia- 
ronium salts, are quite stable and insensitive to shock, and many can 
be handled safely in quantities of several kSograms. ilost of them have 
deSnite decomposition temperatures, and the rates of decomposition, 
vrith fevr exceptions, are easily controlled. The over-all yields in general 
are satisfactory. Xo special apparatus is required, and the inorgaruc 
fitioboratcs necessary as intermediates mav be nuichased or easily 
prepared. 

The first diazornum duoborates vrere prepared in 1913 fay Bart,= rvho 
made benrcnediazoni’um Suoborate, as vreH as p-chloro-, p-nitro-, and 
p-etbomr-b-anzenedLaroriium guoborate. He noted the great stability 
o: these compounds and claimed tfaern to be useful as intermediates in 


Guorides from th-em. b 
r.'hen IVakc-Dorfurt = 
trial they '.rere less cam 


agents and dyes: he did no: prepare aromat:!: 
orreo'E-r. No further repwrt appeared tmti! 19'24 
isolated tmo diazoni’um Suoborates and noted 
slosive than the diazonium perchlorates. In 1925 



cir-^ 60, ,':ccr;‘. 

C'lt.aat iC,A-. s. ivm •'tomp 

Z. C".{r---. CO—.., 37. T:C <1024 ■, 
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Funk and Binder * published a study of the salts of fluoborlc acid; they 
isolated bcnscncdiazonium fluoboratc and recorded some of its proper- 
ties. Wilke-Dorfurt and Bala • in 1927 also isolated bcnzenediazonium 
fluoborate and reported the decomposition point of the salt to be 100°. 
Later the same year the paper of Balz and Schiemann ^ appeared, show- 
ing that aromatic fluorides could be prepared in excellent yield by the 
decomposition of these dry diazonium fluoborates. 

The Schiemann reaction may bo carried out on a wide variety of 
amines, and over-all jdcfds as high as 70% are not uncommon. Poly- 
nuclear aromatic compounds as well as benzene may be used; fluorine 
has been introduced into naphthalene, phenanthrene, anthracene, bi- 
phenyl, fluorene, and benzanthrone by this method. It has been shown 
that fluoropyridincs and fluoroqutnolines may be prepared in this 
maimer. 

The simultaneous introduction of two fluorbe atoms by the use of a 
W«-diazonium fluoborato has been succe&sful m several instances, al- 
though the yields arc low uides.s the two diazonium groups are situated 
on different benzene rings. 



The effect on the Schiemann reaction of other groups present in the 
ring is discussed in detail later m the sections "Preparation of Diazonium 
Fluoborates” and "Decomposition of Diazonium Fluoborates.” At this 
point it need only be noted that the chi»if effect which other groups may 
have on the preparation of the intermediate diazonium fluoborate is to 
render the molecule more soluble, thus lowering the yield. The rate of 
decomposition of a diazonium fluoborate and the yield of fluoride 
obtained from it are profoundly affected by the presence of certab 
groups. Nitro groups generally cause unruly decomposition, and low 
yields of nitrofluorides result; other groups, such as alkoxy and ammo, 
also lower the yield of fluoride obtmned. 

Diazonium fluoborates are occaaonally used to introduce groups 
other than fluorbe into an aromatic ring. For example, the diazonium 
fluoborato group may be replaced by the acetoxyl group,®-* the nitro 

*Funk and Binder, Z. anorf. allgm. CSem., 189. 121 (1026). 

' WUko-Dorfurt and Ball, Btr.. «0. 116 (1927). 

• Smith and IlaUer, J. Am. Chem. 8oe., M, 143 (1939). 

» IlaUer and Schaffer, J. Am. CIttm. See^U,49SHt933l. 
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group, ^ the nitrile group, ^ and a hydrogen atom; an 
mccLful effort has been made to replace it by a methoxjl ^o p. 
i)iazonium fluoborates may also he used in the preparation of aromat 
derivatives of arsenic,^ mercury,>^'^ and copperd^ ■ 


mechanism of the reaction 

The mechamsm of the decomposition of the diazomum 
not knoim irith certainty, nor is the reason for the ° 

these salts fully understood. Schiemanni'*® proposed that the sta ty 

of these salts ivas due to the linldng of an unstable diazomim ^tio 
with the complex fluoborate anion, the breaking dmvn of the fluoborat ^ 
complex to boron trifluoride and fluoride ion requiring approximateij 
the same amount of energj' as is given off by the decomposition ot t 
cation. The amount of energj- required was calculated by De Bwr an ^ 
Yan Liempt “ to be about 70 kilocalories on the basis of the foUoinng 

equation. , , 

BFs (gas) -r T" (gas) BF4- (gas) t <0 kcal. 

There are three possible mechanisms for the decomposition of the 
diazonium fluoborates; they are shown diagrammatically below, in 

[:F:BF3r 


Heat 


1. Carbonium ion; 

Ar+ 4- N- 4- [-.F-.BF,]- 

(A) 


Ar-^ 4- (iFiBFsl- Ar:F: 4- BFz 

(B) 

2. Free radical: 

Ar- 4 -N 24 -BF 34 - -F: 

(A) 


At- 4* 'F: —* Ar:F; 

(B) 


3. Rearrangement: 


At 




:F: 

A 

I 

BFs 


Ar:F: -f No -b BF 3 


* Starkey, Or** CoJL RoL 2, 22o (1943). 

’ and Caspar, Heir, Chin, Ada, 18, 1414 (193o), 

Leslie and Turner, J. C^em. Soc., 1933, 1590. 

Schmelke*? and Rubin, J. Am. Chrm. Sac., 6G, 1C31 (1944). 

^ Smith, ESbberc* and Sherrill, J. Am. Chrm, Sac., 68, 1301 (1946). 

Ruddy, Starkey, and liartunR. J. Am. Ckrm. Sac., 64, S2S (1942). 
t* Dunkcr and Starkey, J. Am, Cf^rm. Soc., 61, 3005 (1939). 

^ Dunkcr, Starkey, and Jenkins, J, Am, Citrm. Sac., 5S, 230S (193G), 
BoUh, Wiialcj-, and Starkey, J. Am, Cljrm. Sac., 65, 1456 (1943). 

^ Vilinlcy and Starkey, J. Am. C}.rm. Soc.^ 68, 793 (1940). 

” S^luemann. C?.«m. itz-, 52. 754 (192S), 

” I>e Boer and Van liempt, Rec. trer. 46, 130 (1927). 
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order to make the formulas less complex, only those electrons imme- 
diately involved are represented; Ar represents any aromatic radical. 

Hodgson, Birttt-ell, and TValkcr * propose mechanism 2, while Bell “ 
favors a mechanism like 1, although ho calls it a "free radical" mecha- 
nism. Such evidence os there is docs not make it possible to distinguish 
among these i-arious posabiKtios. Bell conducted an interesting experi- 
ment to determine whetlicr two “obstacle" amino groups in an optically 
active biphenyl molecule could be replaced by other groups without 
loss of optical activity. He reported that 7«'i>-2,2’-djamino-6,6''di- 
mcthylbiphenyl could be transformed into optically active 2,2'-diiodo- 
G,6'-dimethyIb5phcn3’I by a diazonium reaction. The replacement of 
the amino groups bj’ fluorine was also successful, but the optical activity 
of the product was so slight that Bell alated “the result was not regarded 
as unambiguous.” 

N,BP« N*BP« F F 

-d-6-c^ 

cn, cuj cJii CH, 

Tills evidence indicates tliat the replacement of the diazonium group 
by iodine and fluorine takes place by different mechanisms; this might 
be anticipated, as the one replacement occurs in cold aqueous solution 
and the other in the dry state at an clev'ated temperature. Racemiea- 
tion during the Schiemann reaction might be expected to take place 
with either mechanism 1 or 2, although it would be less likely irith 3. 
]\Iuch ivork has been done on the mechanism of the decomposition of 
the diazonium salts in general,* but little has been done directly ivith the 
fluoborates. 

One rc].ated question upem which it is interesting to speculate is the 
connection between the relatively high stability of the diazonium fluo- 
borates containing the nitro group (as evidenced by their high decom- 
position temperatures, which are as a group higher than those of any 
other substituted diazonium fluoborates; see Tables I, II, and III) and 
the uniformly loiv jdelds of nitrofluorides and high yields of tarry by- 
products obtained by the pyrolyas of these diazonium fluoborates. 

Two possibilities suggest themselves. First, the known electron- 
attracting power of the nitro group may lessen the electron density 
around the diazonium group, thereby increasing its positive charge and 

* For leading references eee Waters. J. Chem. Sac^ 194S. 2C6. also reference 20. 

" Hodgson. BirtweU. and Walker, J. Ctan. Soe^ 1941, 770. 

“ Bell. J. Chem. Soe., 19S*. 835. 
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mcrea==ms its electrostatic attraction for tte fluoborate ion. This ^oidd 
W Trie the decomposition point; rvhy such a sxtuatron should 
lower the yield of the product on decomposition ii> not clear. 

A second possibility (suggested in a private f 
fec=or 0 K. Rice) is that a coordinate bond could be formed be 
towSoa and tie nitto group eating ta one of its 
Such a situation would be expected to mterfere with either mechan 

:6: 

;N: ::N:Ar:N: 0 :'' 

:F;” 

BFs 


1 or 2, both of which require the presence of the “n dose to tte 

carbonhim ion or free radical. Longer Ihe of either the ion or rai^ 
postulated in mechanisms 1 and 2 would be expected from *e a 
equation and would lead to increased poljmienzation and tar formati - 


:0: 

! Arii\ I iO- 

Vi 

:0: 

:N:::N:-Ar:X:0: 

:F:BF3" 


:F:BF3- 


PKEPARATIOK OF DIAZORItTM FLTJOBORATES 
Effect of Structure on the "Keld of Diazonium Eluoborate 

In general, any aromatic amine which can be diazotized will fom a 
diazonium fluoborate, and yields above 90% are frequent. The jueld re^ 
ported is often of unpurified material, however, and may be high o^g 
to coprecipitation of sodium fluoborate; a lai^e excess of sodium u^ 
borate is sometimes used to obtain m axi mum yields, and some report 
yields are over 100% for this reason. 

The most important effect other groups m the ring may have upon me 
yield is that of increasing the solubility of the salt, thereby decreasing 
the yield. In a series of isomers, regardless of the nature of the secon ^ 
group, the ortho diazonium salt is usuall}' the most soluble, hence is 
isolated in the lowest yield. The para isomer is usuall 3 ' formed in e 
hipest amount, although the meia isomer is often formed in abou 

the same jield. _ 

Certain groups, such as carboxjd and hydroxjd, tend to increase tne 
Eolubilitj', and the tiansformation of these groups into esters and ethers 
improves the yield of the diazonium fluoborate. This is iUustrated bj 
the following facts. In an attempt to prepare the diazonium fluoborat^ 
from the three aminophenols, onlj' the meia isomer was isolated, an 
this in less than 50% jdeld.- Starting v.ith the phenetidines, however, 

= Bennett, Broolis, and Glasstone, J. Cherru Soc^ 1935, 1S21. 
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the diazonjiim Jluoboratcs wre isdatcd in the folJoTnng yields; ortho, 
60%; tnda, 75%; para, 87%.“ Hie fluorophenetolcs obtained may be 
coni’ertcd to iluorophenois in good yields. The three anisidinea were 
used i\ith similar results. Again, the highest yield reported for the 
preparation of the diazonium fluoborate from o-aminobenzoic acid was 
46%, whereas the jdeld from tlie corresponding ethyl ester was 80%.“ 

No other generalizations concerning the effect of specific substituents 
on the yield of diazonium iluoboratcs can be made; the yield is also 
affected by the method of diazotization and the source of the fluoborate 
ion, as discussed in the next sections. 

An interesting side reaction that may occur durmg the diazotization 
should bo mentioned here. Willstacdt and Scheiber “ attempted to 
prepare l-nitrO'2»fluoronaphthalene and found that their product would 
not undergo reduction to l-amino-2-fiuoronaphthalene; they attributed 
this to a powerful "ortho effect" exerted by the neighboring fluorine atom. 



Schiemann and Lej' “ demonstrated that this definitely not an ortho 
effect and showed that the reason for the non-roducibJlity of IVillstaedt’s 
nitro group was that no nitro group was present in the molecule. 
During the diazotization the nitro group was replaced by a chlorine 
atom; the final product n-as, therefore, l-chloro2*fluoroaaphthalene. 
This replacement of a nitro group during diazotization has been observed 
before.*' 

a 

Cnciirq -» 

Methods of Preparation 

In preparing diazonium fiuoboratea the volume of solution is kept as 
small as possible to reduce loss of product, since the salts are slightly 
soluble even in cold water. The salts must be thoroughly dried, as 
Unruly decomposition and lowered yields result from the pyrolysis of a 
moist product. Sometimes the fluoborates xuidergo spontaneous de- 

** Bergmaim, Engel, and Sandor, Z. dan-. iOB, 106 (1930). 

"Willetaedt and Scheiber. Ber., 67,466 (1934). 

“ Sohjemann and hey. Ber., 69, 960 Q936). 

» Morgan, J. Chem. Soc , 61, 1376 (1902). 
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composition if a tightly packed moist salt is alloa-ed to stand. Rapid 
drying is advantageous; this can be achieved by spreading the salt 
rather thinly on porous paper (supported on a screen or n-ire netting so 
that air can circulate freely underneath) and placmg near a hood. 
Direct sunlight is reported to cause decomposition of fluoborates.^ 
Occasionally some diazonium fluoborates vill decompose while drying; 
m-methoxj-benzenediazonium fluoborate is quite unstable,^-'®’ and 
o-meth3-lbenzenediazonium fluoborate sometimes gives trouble in this 
waj'. Diazonium fluoborates of certain heteroc3’clic compounds are 
likewise imstable.^’*^ 

There are two general methods of preparing these salts. The first 
method involves the diazotization of the amine in the usual manner, 
followed by addition of the fluoborate ion in the form of fluoboric acid 
or some derivative. In the second method the amine is diazotized in 
the presence of the fluoborate ion, and the diazonium fluoborate precipi- 
tates continuoush' as the diazotization proceeds. Various modifications 
of these procedures are described in detail below. 


I. Diazolizalion Followed hy Addition of Fluoborate Ion 


DiAZonziKG Agent 

A. Nitrous add 

B. Nitrous add 

C. Nitrous add 

D. Amyl nitrite 

E. Nitrosylsiilfuric add 

F. Nitrous add in presence of 
hydrofluoric add 


SOEP.CE or FarOBOEATE lox 
Fluoboric add 
Sodium fluoborate 
Ammonium fluoborate 
Fluoboric add 
Fluoboric add 
Boron trifluoride 


Methods lA., B, and C. The most common procedure in following the 
first method consists in diazotizing as usual with sodium nitrite and 
hydrochloric add,* and adding a cold aqueous solution of fluoboric acid, 
sodium fluoborate, or ammonium fluoborate to the clear diazonium solu- 
tion (filtered if necesary*). A predpitate forms immediately and is 
allowed to stand at- 0° or lower for at least half an hour to ensure com- 
plete predpitatioiL The precipitate is then filtered, washed with cold 
water (or cold sodium fluoborate solution or fluoboric add), sucked as 


* BmdloTr and VanderWen (private co mm unicatioa) report that conridsmhle time 
mny be saved -when niar o aring lar^ quantities by adding solid sodhnn nitrite in smsll 
pwtions to a vigoroudy stirred solution -which is bept below 0" by rho addition cz Z)ry Ice. 
, J. jwc-ti. Cbem., [2] 140, S7 (19.S4). 


^ Schii 


= Berber and Adapts, J. Am. Chem. Soc, 54, 2373 (1932!). 

= Schiemann, Z. jAyrit. Chm., A1S6, 397 (1931). 

» Brsdlow and VanderWerf, J. Am. Oxtti. See., 70, 654 (1&4S). 

= Roe and Ha-wbins, J. Am. Cf,em. Soc., 63, 2-443 (1947). 

-Eoe and Hawbins, New York ileetias A.C.S., 1947, Ab^ZracU, p. SSL. 
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dry as possible on the filter, then sometimes 'washed ■with cold alochol, 
dioxane, or ether. Many fiuobonites are appreciably soluble in alcohol 
or dioxane, however, so caution in washing is necessary. If a clear 
diaromum solution is used and the precipitate dried rapidly as described 
above, washing with oiganic solvents is unnecessary. Drjdng the salt 
in a desiccator is usually not required. Many fluoborates are suffieipnMy 
stable to be recrj-stallired from acetone, and some may be rcciystallized 
from water; in this way very pure salts can be prepared if needed. 

It is ad^dsable to filter the solution (or extract it with ether) before 
addition of the fluoborate ion in order to remove by-products formed 
during the diazotiaation; the presence of these by-products in the di- 
azonium fluoborate is undesirable and lowers the j-ield of final product. 
The formation of these by-products — chiefly phenols and coupling prod- 
ucts— seema to be decreased when the diazotization is carried out in the 
presence of the fluoborate ion, as in method H. 

Meigs ** states that the fields are lowered ■when fluoborate ion is 
added to the diazonium chloride in strongly acid solution because of 
the increased solubility of the diazonium fluoborate in such a solution; 
it is recommended that the solution contain less than 1 mole of hydrogen 
ion per liter at the time the fluoborate is added. Sodium fluoborate 
rather than fluoborio add is recommended as a source of the fluoborate 
ion. Support for this recommendation was obtained by adding four 
different prccipitants to four identical solutions each containing 0.1 
mole of bepyenediarnniiim diloride. The results are shown below. 


PRtCIMTi..vr 

(cs 801.CTI0S) 

1. 0.11 njole HBF< 

2. 0.11 mole 507o SBF« 

609; NaBF« 

3. 0.11 mole 259; HBFi 

739o NaBF* 

4. 0.11 mole KaBFi 


Htprocen Iox IX 


Moles rca Lirca Yield 
AT Exd 9o 

1.06 67 

1.00 TS.l 

0.67 SO.l 

0.26 S4.3 


Dippy and Williams ** reported similar findings in the preparation of 
<Kfluorobenzoic acid: <>-carbethoxybenzenediazoiiium fluoborate was pre- 
pjwed bj' the addition of fluoboric acid to the diazonium chloride; an 
excess of acid lowered the j'ield appreciably. 

Finger and Reed carried out parallel e.xperiments using both sodium 
and ammonium fluoborate as the source of fluoborate ion; they found 


“ Meigs. XT. S. pat. 1.916.327 [C-t, »7. 4539 (1933)1. 

** Dippy and Williams, y. CAeat. Soe^ 1934, 2166. 

» Huger and Reed. Trana. SUOtAcad. Set, «, Ko. 2, lOS (19*0) [CJ, 95. 24S0 

(1941)]. 
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that in most experiments the two salts gave practically identical results. 
Sodium fluoborate is more soluble than the ammonium salt, and a larger 
volume of water is therefore necessarj' if the latter is used. 

Method ID. von Braun and Rudolph used amyl nitrite followed by 
the addition of 2 moles of fluoboric acid in the preparation of 2-nitro-6- 
methylbenzenediazonium fluoborate from the amine in 50% jdeld. This 
method was also used by BuUstaedt and Scheiber in the preparation of 
l-benzeneazo-2-naphthalenediazonium fluoborate in 31% jdeld from the 
amine. 

Method IE. NitrosyLsulfuric acid was used as the diazotizing agent 
in the preparation of the diazonium sulfate of Bz-l-aminobenzanthrone 
by Luttringhaus and Iseresheimcr; ^ the sh'ghtlj' soluble diazonium 
sulfate was dissolved in warm water and converted quantitatively to 
the fluoborate by addition of fluoboric acid. 

Method IF. The use of boron trifluoride in the preparation of the 
diazonium fiuoborates is described bj' Aleigs.^ The diazotization is 
carried out in the presence of hydrofluoric acid, then gaseous boron 
trifiuoride is led into the solution until precipitation of the diazonium 
fluoborate is complete. 

An excellent method of analyzing diazonium fluoborates by decom- 
posing them in sulfuric acid and measuring the nitrogen evolved has 
been reported by Schiemann and Pillarsfcj*.^'^ 

EXPERIMENTAL PROCEDURES ilETHOD I. Almost any 
diazonium fluoborate may be prepared bj* any of the procedures in this 
or the next section. The preparation of benzenediazonium fluoborate,^’ 
p-carbethoxybenzenediazonium fluoborate,^ and 4;,4'-biphenj*l-5fs-dia- 
zonium fluoborate by method I is described in Organic Syntheses; the 
preparation of p-nitrobenzenediazonium fluoborate bj^ method II is also 
described there.® All the experimental procedures in this chapter have 
been checked by the author. 

Preparation of Reagents. Fluoboric acid and sodium and ammonium 
fluoborate are available commercially. The preparation of the first two 
is briefly described. 

Fluoboric acid may be prepared bj' dissolving 1 mole of boric acid 
slowly with cooling in approximately 4 moles of 40-48% hydrofluoric 
acid. The m i x ing should be done in a wax-lined or rubber beaker, and 
the temperature should be kept below 25° to prevent melting of the 

= von Brann and Rudolpli, Ber., 64, 2465 (1931). 

^ Luttringhans and Xeresheimer, Ann., 473, 259 (1929). 

ScHeraann and KHarsky, Ber., 62, 3035 (1929), 

“ Plo^ Org. Synlhetai, CoU. ToL 2, 295 (1943). 

“ Sc^mann and Winkelmoner, Org. SyrJShera, CoU. FoL 2, 299 (1943). 

Sdnsmann and Winieliauller, Org. Synlhms, CoU. VoZ. 2, ISS (1943). 
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wax by the heat of reaction. Stining may be done with a lead or 
rubber rod. 

Sodium fluoborate ** may be prepared adding 333 g. of powdered 
boric acid to 133S ml. of concentrated hj'drochloric acid. To this rnbe- 
ture 900 g. of sodium fluorido is added dowly u-ith shaking and cooling. 
The mixture is allowed to stand for two hours and filtered. About 1465 
ml. of solution is obtained, containing 5.38 moles of sodium fluoborate. 

■p-BromobeTizfnediazonium FlufAorate. To a mixture of 02 ml. (0.75 
mole) of concentrated hydrochloric acid and an equal amount of water 
is added 43 g. (0.25 mole) of p-bromoaniline. The mixture is cooled 
to 0®, and a cold solution of 17.3 g. (0.25 mole) of sodium nitrite is 
added slowly, the temperature being kept near 0®; Dry Ice added in 
small portions to the solution is helpful in controlling the temperature. 
The diazotized solution is filtered if necessary through a cold smtered- 
glass filter; a cold solution of 35 g. (0.34 mole) of ammonium fluoborate 
in 120 ml. of water is added with \igorous stirring. The light-green 
precipitate is stirred at 0® for at least half on hour, filtered, and wash^ 
^^■ith 25 ml. of cold 67e ammonium fluoborate solution, 30 of ic^old 
methanol, and several 50-ml. portions of ether, the precipitate ^mg 
sucked as dry as possible after each washing. The salt is dried by 
spreading it thinly on porous paper supported on a screen 
allowing air circulation underneath. The yield is 48-55 g. (/I-jw/o;. 

7 n.mir 6 bemenedia 2 onium Fluohorale. This compound may be pre- 
pared by following the above directions, using 34.6 g. (0.25 mole) of 
m-nitroaniline. A solution of 35 g. of either sodium fluoborate or ^ 
monium fluoborate in «-atcf may be used as a precipit^t, or, if pr^ 
ferred, 48 ml. of cold 42% fluoboric acid (0.3 
is treated as described above. The j-ield is 53-57 g. ( /o)- 

^•Naphthalenediazonium Fluoborate. This P™P“®, 

the method described for p-bromobcnzcnediaroaium 
35.8 g. (0.25 mole) of ^-naphthylamine. Dmxane may 
for methanol for washing the precipitate. The yield is 55-00 g. ( 

FlvMc. The api^tus ie placrf m 

hood. 

centrated hydrochloric acid and 12 g. o , /o J m tolu- 

placed in the beaker, and 26.8 g. (0.25 mol.) of “ "‘‘f, 

idine ia added. The solution is diaaoW rr.th a 

of sodium nitrite, the temperature being tepl at about 0 , 

or lead stirrer is used. IThen all the riniSn rf the 

boron triSnoride from a eylinder is introduced not J pmcip.tation of 

“ But.,. L.™,a. md Bmith. ,. CT™. San I™®' 
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j- ■ flnnVinrate is complete. Efficient stirring and cooling are 
tte addition o£ the boron trifluoride; Dty Ice edded to 
Sf^«on hdps control the ten.pcmtnre. The prec.pitnte M wnshid 
-,1 =0 jjji of ice -prater and 50 ml. of iced methanol, foUo-pred bj Hf-rerffi 
•v," tr- TTith ether: it is then dried as described above. The jneld is 
e \76-84 :%) . This is the least- convenient of any of the proc^ure^ 
for the preparation of a diazonium fluoborate on a laboratory scale. 

II. Biazolizaiion in the Presence of Fluoborate Ion 
Source of the fluoborate ion: 

A- Fluoboric acid. 

B. Sodium fluoborate. 

C. Ammonium fluoborate. 

D. Tfitrosyl fluoborate. 

KvceUent vields are obtained by diazotking in the presence of 
rate ion riuoboric acid may be the only acid present, acting botli a= 
acid and source of fluoborate ion. Sodium and ammomum fluob^te* 
are used in conjunction -prith an acid (usuaUy hydrochloric), as is mkosyl 
fluoborate, although the last serves as diazotizing agent as -n-ell as a 

source of fluoborate ion. i „ os 

The insoluble diazonium fluoborate separates from the solution as 
it is formed; side reactions such as phenol formation and couplmg are 
held to the minimum. Temperature control is not so critical in tto 
procedure; the temperature may in some cases rise to 30° during the 
^zotization -svith no 31 effect.^ There are certain disadvantages, hov- 
ever; a continuously thickening precipitate is formed as the reaction 
proceeds; efficient stirring overcomes this difficult^'. The fumes oi 
fluoboric acid are corrosive and obnoxious, and fluoboric acid has b^ 
tnovTi to eat its way out of the wax-lined bottles in which it is storw- 
The vields of diazonium fluoborates produced by this method are usually 
as good as and sometimes better than the j-ields by method I ; it is 
claimed that a cleaner and more easfly purified salt results from 

method II. _ ^ 

Method nA. Starkey ® prepared p-nitrobenzenediazonhim fluoborate 
in 95-99% jneld from p-nitroanfline with fluoboric acid as the only acid 
present. Aniline, o-, m-, and p-chloroaniline, ethyl p-aminobenzoate, 
p-aminoacetophenone, and other amines have been converted to the 
diazonium fluoborates by this method in better j-ield than by other 
methods.’*^ These are but a few examples of the preparation of ffi' 
azonium fluolxirates by diazotization in the presence of fluoboric acid- 
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The tctrazotization of diamines is also carried out mth good jdelds 
this way; RuggU and Caspar • report the preparation of 1,4-benzeno- 
bis-dlazonium fluoborato from p-phenylcncxliaiiiine in 78% vary- 
ing the method slightly by adding a mKture of the amme and soch^ 
nitrite slowly to a cold solution of fluoboric acid. The corresponding 
meta derivative is formed in an unspecified lower yield. They ako p:^ 
pared l,5-dimethyl-2,4-bcnzcne4rts-diazonium fluoborate quantitatively 

by this method. 

Methods HE and C. P.arts** diazotized ^-naphthylarane m the 
presence of sodium flucborato to prepmo the diasomum fluoborate in 
unspecified yield. Both sodium and ammonium fluoborales are now 
arailable commercially, aad there is no reason why they could not be 
used in the preparation of diazonium lluoboratcs in this way. 

Method nD. VoznBeaJdi and Kurskii “ prepared benzeacdiazoni^ 
fiuoborate in !l 07 a yield from aniUno hydrochloride and 
rate. The latter reasent was prepared from Ouoborie acid aad nitrogen 

‘“™fMENS'L PHOCEDUMS 

tion of p.nitrobentcnediarenium fluoborate is described m 

Ha,.,.- Any amine wbieb can be diarotired, 
be transformed into the ’’I 42 % 

p-MethoxyUmcnediasonium Ftu<^ale. • nrlded 308 c of 

acM (0.625 mole) diluted with 100 nd. a f ^ f; “ 

p-anisidine (0.25 mole); the solution is coo ^ , a jg added 
to of 17.3 k of sodium nitrile (0;25 ? Ue gradiLto tot- 

slowly, the temperature rfrrtag low-anl the Sd of the reae- 

emng precipitate n^uires g (-jrered The precipitate is washed 

tion. The mixture is TOOW to 0 and icicold melhaaol, and 

with 40 ml, of cold 5% iluobonc acid, ^ ^ described in 

several 50-ml. portions of ether, orcrmgni 

Method I. The yield is ‘'’Xtmtrated hydrochloric acid. 

Instead of fluoboric acid, ^ „ ammoaium fluoborate 

100 ml. of walon and ^5 0- ^ ^ the yield 

may bo used. The procedure is idcn 

is about the same. ^ This salt may be prepared 

A,i'.B{pkenyWs-d{azomum FI • ^^25 mole) 

by the same procedure as If dcsid, 64.4 g. 

of benzidine and 240 be added to 91 ml. (0.57 

(0.25 mole) of benzidine dibydrochlonae may 

« Parta, Z. pftjfrifc. CActt... lOB, 264 (l»^ 8 624 (lOSS) [C-4.. 32. 8379 

“VoaneacnlQi and Eurstii. J- 
(1933)]. 
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mole) of fluoboric acid and 250 ml. of water; this is then diazotized as 
above. The yield is 80-86 g. (93-100%). 

Z-Tyridinediazonium Fludborate?^ Twelve and a half grams of 3- 
aminopyridine is dissolved in a mixture of 50 ml. of 40% fluoboric acid 
and 100 ml. of 95% ethanol. The solution is cooled to 0°, and a stream 
of ethyl nitrite is passed in until precipitation of the diazonium 
fluoborate is complete. Fifty milliliters of cold ether is added to com- 
plete the precipitation, and the mixture is filtered while cold and washed 
once with cold ether and then once with cold petroleum ether. The 
precipitate must not be allowed to become dry at any time, for this 
diazonium salt when dry will undergo violent spontaneous decomposi- 
tion. The salt is dampened with petroleum ether and transferred to a 
beaker containing 50 ml. of ice-cold high-boiling petrolemn ether. 

DECOMPOSITION OF DIAZONIUM FLUOBORATES 
Effect of Structure on the Decomposition of Diazonium Fluoborates 

CcHsNjBFi CeHsF -f Nj BF3 

The decomposition of diazonium fluoborates usually proceeds 
smoothlj’’, and the average yield from all types of compounds is in the 
neighborhood of 65%. There is no great variation in the yield of ortho, 
meia, and para isomers formed by the decomposition of substituted 
diazonium fluoborates, although in general the ortho isomer is formed 
in the smallest amoimt. Polynuclear aromatic compoimds decompose 
smoothly and produce the fluorine compoimds in good yields. Of the few 
heterocyclic diazonimn fluoborates known, some decompose sponta- 
neously, while others are quite stable and decompose evenly, producing 
good yields of the fluoride. Decomposition of substances containing 
two diazonium fluoborate groups occurs smoothly and in surprisingly 
good yield if the groups are on different rings of a polymuclear molecule; 
othervTse the yields are low. 

Diazonium fluoborates of otherwise unsubstituted aromatic molecules 
give the best yield of fluorides; however, the presence of halogen'^ and 
alkyl groups on the molecule does not seriously interfere with the yield. 
Compounds with an ether linkage decompose smoothly but the yields 
are somewhat lowered, most of them being between 40% and 60%. The 
presence of ester, carboxyl, amino, nitro, and h^-droxyl groups also lowers 
the jdcld, the effect increasing roughly in the order named. The above 
statements are generalizations, and some individual exceptions may’’ be 
found. 

“ Semon and DamcrcU, Org. Coll, Tol. 2. 201 (1943). 
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Highly substituted molecules do not necessarily give poor yields, as 
e%idenced by the 74% ideld of 2-bromo-3-methox>’4,6^iinethylfluoro- 
benzene obtained by the decompositiOT of the corresponding diazonium 
fluoborate.** 


N,DF4 

cn, 


■oe”<0" 

CH, 


The compounds nhose decomposition is most troublesome and diffi- 
cult to control arc those containing the nitro group. The decomposition 
ot these compounds is tempestuous and unruly, and special methods are 
rctiuircd lor handling them, as outlined in a later section. The yields 
of fluoronitro compounds are, ndth few exceptions, low; the preparation 
ot 2-fluoroJi-nitrotoluenc in 63% yield from the corresponding diazonmin 
anoborato “ and the preparation ot anoronilromesltylcne m an otjr-all 
yield ot 65-68% from the amine « are the best yields of nitroauore 
compounds yet reported. The following list serces to ffiustrate to 
generaUrations in to pcecions paragraphs by showmg the 
tamed by to decomposition ot a few simple e>«o- 
benscnediaiomum nuoborates; in every case the best reports yield is 
given, (References are to be tonad in the latger tables at to end of the 
chapter aad are not repeated here.) 


Ortho 

StTBSTrrUEKT 

H— 

CHr- 

C2II4O2CV— 

Cl— 

Br— 

I— 

CH3O— 

CIIsOsC^ 

C2II5O— 

F— 

HOjO— 

OiN— 


Yield 

Flvoridb 

100 

90 

S7 

S5 

81 

TO 

67 

53 

36 

30 

19 

19 


Para 

SvBsrrnjsNT 

H— 

CHi— 

CtHiOjC- 

Br— 

aiiO— 

F— 

OjN— 

(C*Hs)iN— 

(CHJjN— 


Yield 

FLCORtUE 

100 

97 

00 

75 

67 

62 

63 

63 

20 

17 


The statementhas been madex-tottoydeldotau^^ 

dependent upon the decomposition temperature of the daizomnm Bno- 


“Lock. B<r., 69, 2253 (1936). .ArS 

“ Fineer Mtd co-workers. Atlantlo Otjr Meetmg A-C.S , 


1946, AUtraet4, p. 13M. 
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borate, lower temperatures producing better jdelds. 
qualitatively true for unsubstituted 

containing one or more fluorine atoms; for other type, of drazomum 
fluo wi the relationship does not hold very well. The two reactio 
■which follow illustrate this statement. 





235' 


CH3 

K2BF4_ 


CHz 



21S' 


CHs 


°a 

CH3 


(85%) 


The decomnosition temperature of 2-iodo-3-9uoro^_,6^ethy^n- 

zenediazonium fluoborate (2.35°) is the highest reported m the hterature. 


Side Reactions during Decomposition 

The diazonium fluoborate must be thoroughly dry before being d^ 
composed. The presence of moisture sometimes makes the decomposi- 
tion uncontrollable and always markedly lowers the jdeld; phenols ^ 
tars are formed instead of the desired product. However, perfectly dry 


CeHsX:BF4 -b H:0 ^ CeHsOH -f HF -f Ni w BF 3 -f tar 

fiuoborates sometimes form tar and resinous material on decompositiom 
The abilitj' of boron trifluoride to bring about condensations md 
pobmerizations is well kno-vn, and this action is probably responsible 
in large measure for the formation of these products of high molecular 
-wei^t. The decomposition of molecules containing the nitro ^oup 
alwavs results in the formation of a large amount of tarry material o 
unknown nature. 

The boron trifluoride evolved during the decomporition may cause 
splitting of ester groups present on the molecule. Schiemann arid 
Bergmann, Engel, and Sandor ~ report- that some o-fluorobenzoic acid 
is formed directly during the decomposition of o-carbethoxybenzene- 
diazonium fluoborate. 



CO:^;Hs li-es-t 





COiCiHi 
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Tlie sxibstltution of hydrogen for the diazonium fliioborate radical 
during pyrolysis was reported by Nicmaim, Benson, and Mead ‘ 
(also private communication from Dr. Niemann). They prepared 
methyl 3,5-difluoro-4-methoT>-bcnroate from 2-metho>:j-3-fluoro-5-car- 
bomethox>'bcnzenediazonium fluoborate, obtaining at the same time 
some methvl 3 -nuoro-l-roetho.vj’benzoatc. Never more than one-fifth 
as much monofluoro as difluoro compound «-as formed, and the jield 
of the crude ester mature was only about 35%. A someohat similar 


co,cn, 

In,bf« ' 

OCH, 


CO^H, 


If + 


cojcn, 


ocn. 


result was reported by Schmolkes and Rubin.-' ^ 

4.„il™lolucno ax.d tad ftat, if all the nctaol ^ 

diazoaium fluoborate a-as not carcfullj rcmo\ . P 

n-ilh formation of 4 .nit.ototane oeonr^ on f 

interest in connection noth the Mo j-nitro^S'-bromobi- 

warming it with ethanolic suifuric acid. 

Apparatus for Decomposing Diazonium Fluoborafes 

Large amounts of boren connectionl'’ The 

the reaction; mdo *'*“‘15 be led to n good 

apparatus should be arranged so tha included. The boron 

hood; often a trap to catch the h«ron trtoda « mclud^^^ 
tnfluonde may be taken up mjn , a satisfactory 

fluoride in water; the latter pro^ fluoborate is 

method of preser>-ing the gas for future use, as 

formed.” of decomposition chosen and 

The apparatus depends on the -j^jj^^l^ipljthedecomposition 
upon the s-olatility of the pmdu'h 

is carried out should never be more biphenyl derivatives, a 

net is relatively non-volatile as are 

short air condenser attach^ ^ ^aanoTnoosinecompounds of this type is 
Another satisfactory method of deewnp the side arm 

to carry out the decomposition m a large distilling nasK. 

- .&e. 63, 2204(1941). 
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of -which leads to another distilling flask acting as a receiver; the receiver 
may be cooled -ndth running water if necessary/^ More volatile products, 
such as the fluorotoluenes, null distil during the decomposition, and an 
efficient cooling system consisting of a condenser, cooled recei-ving flask, 
and an ice trap must be provided. Some compounds, such as the fluoro- 
benzotrifluorides, are still more volatile, and special brine or Drj' Ice 
traps are necessary.™’®^ 

Methods of Decomposing Diazonium Fluoborates 

The pyrolysis is carried out by heating the dry diazonium fluoborate 
gently near its surface until decomposition commences. Often no more 
heat is required, the decomposition continuing spontaneously; sometimes 
heat must be apphed intermittently. Occasionally the reaction becomes 
too -violent and the flask must be cooled -with water or by rubbing it -with 
ice. After most of the salt has decomposed, the flask is heated strongly 
to ensure complete decomposition of the salt. 

Most decompositions go smoothlj>-, and large quantities of material 
maj’- be handled safely.®’ Compoimds containing the nitro group are an 
outstanding exception; they usually decompose suddenly and -with 
considerable -violence. Usually they are mixed with three to five times 
their wei^t of a diluent, such as sand, barium sulfate, or sodium 
fluoride,®’ and decomposed in small quantities — 5 g. to 25 g. at a time. 
Carrjing out the decomposition at a reduced pressure often helps control 
the reaction. 

The diazonium fluoborates may be decomposed in the following wa5’^s: 

A. By heating the salt gently -with a free flame in a flask fitted with 
a suitable condensing sj-stem to collect the product. 

B. Same as A, the decomposition being carried out under reduced 
pressure. 

C. B3' placing the salt in a flask and keeping it for some time at a 
temperature 10—20° below its decomposition temperature.®®'®' 

D. Bj*- adding the salt little bj”- little -to a flask whose temperature is 
at or above the decomposition temperature of the salt.®®'®' 

E. Bj' mixing a few grams of the salt -with three or four times its 
weight of a diluent such as sand, barium sulfate, or sodium fluoride, and 
decomposing the mixture according to one of the abo-ve methods."- 

^Aelony, J. Am. Chem. Soe., 66, 2063 (1934). 

“ Vingpr and Rccd, J. Am. Chcm. Soc., 66, 1972 (1944). 

“ Roo and Fleishtnann, J. Am. Chem. Soc., 69, 509 (1947). 

“ Cannon! dc Degiorgi and Zappi, Anala atoc. g\t(m. argeraina, 28, 72 (1940) IC~A„ 34, 
6393 (1940)]. 

“ KIcidorcr and .4.dam?, J. Am. Chem. Soc., 65, 4219 (1933). 
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F. By suspending the salt in an indiffetent solvent such os petroleum 
ether, toluene, biphenyl, or quinoline, and heating. 

Method A is the one most often employed, although Method F is used 
occasionally. The other techniques are used chiefly for carrjing out the 
decomposition of diazoniura fluoborates containing the nitro group. 


Experimental Procedures 

The amount o( diamnium flnoboratc used in the foUowing samples 
is the amount prepared in the previous experimental seetron. In e^ry 
preparation except that of m-nilrolluorobenrene, much larger quantities 
may be used safely. . a , * 

m-Fluorotoluene. Forty grams ot dry m-totaenediaromum fluobom e 

is placed in a SOft-ml. round-bollomcd flask connected by a ^<1= 
through a condenser to two 500-ml. Erlemneycr flasks rn senes cooled 
in ice-salt mLxtures. Tlie last flask is fitted mlh a tube “ “ sood 

hood or to an absorption flask containiag ^ ^ m’inoua fumes of 
or a susiKnsion of sodi^ *° J^tom the Ust flask should 

le°ad”o rho°rrf, °The ^It'is heated gently noth a ‘ 

near the surface until decomposition commences p.-fi- hentimr is 
evolution of white fumcsl the flame is then removed. “ 

continued only if nceessar,- to keep 

of the decomposition the flask is heated the 

are evolved. The Buerotoluene may he removed completely from the 

decomposition flask by fluoiotoluene 

suction; another saMactory P^f "^';;X“oTon trifluoride mrd 
to the reaction flask, add iratw to procedure the fluoro- 

hydrogeu fluoride “<5 first with dilute sodium 

toluene is dissolved m 160 ml- 0 l elbe , chloride. After 

hydroxide, then mlh ...Jis". yield. Mg. (89%). 

removal of the ether the piWuct boils i by a 

^Fluoroanfsele A 

Wide tube through a described above. The dry 

side arm of which leads to a hoodo ^ v j^^gd in the decom- 
p-methoxybenzenediazonlum out as described above, 

position flask, and the dectanp^fa ,^;vinir flask is returned to the 
The smaU amount of i is e.xtmcted 

decomposition flask and „ i, y^ished ivith 50 ml. of 10% 

wtli 100 ml. of ether; the ether soluuon 

^a.«n.Scc., 69. 260 (1W7). 
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sodim. hydroade solution, Mowed by wnter, end ^ 

cXride. After removal ot the ether_ou the steam hath the product 

■hnils at 156-157°: rield, about 16 g. (52%). ^ _ 

iBromofluorobenzene. The 6xy p-brornobenzenediazoniim 

rate (50 g.) is placed in the decomposition flask of an apparatus s 
2 that dicnTed above for the preparation of p-fluoroamsole. The 
decomposition of the salt and the ivorking up of the - 

out as described for 2 >-auoroanisole. The product bods a 

^tiS)roiipl^ene. The apparatus consists of a 500-^ 
flaSSose Ide arm leads to another dMilling fla^ of tte sam^e^ 
which is cooled ^th running water. The side arm 
leads to a good hood or a trap as described above. The drj- 
lenediazonium fiuoborate (55 g.) is placed m the 

and heated gently until decomposition starts; further gentle heati^ 
^ necw from time to time. Some of the wMte powde^^ 
pniuct is coUected in the receiving flask; at the conclusion o 
decomposition the product is steam-distflled. The product mel » 

60°, and the yield is about 27 g. (81%). ^ 

A 4 '-DifluorobiphenyL The apparatus is identical with that descri 
forVfluoron^P^t^^®! ^ S- of dry 4,4'-biphenyl-5fe-riiazom^ 
fiuoborate is placed in the decomporition flask, and the decomposifao^^ 
is carried out as described for ^fluoronaphthalene. The produc • a, 
Eteam^distifled; jdeld, 36 g. (82%). A second steam distillation is some- 
times necessary to obtain a pure product, m.p. 90°. ^ , A -t 

m-Huoronitrohenzene. Tne apparatus consists of a 250-mL flask 
coimected by a wide bent tube through a water-cooled condenser lO a 
second 250-ml. flask acting as a receiver. The side arm of flask 
leads to a good hood or a trap as previously described. An intimate 
mixture of 13 g. of m-nitrobenzenediazonium fiuoborate and 36^ 
clean dry sand (or barium sulfate or sodium fluoride) is placed in t e 
reaction flask and heated cautiously until decomposition starts. 
mittent heating is necessary to complete the reaction. The products 
of four such decomriositioiis are combined in a 1-L flask and ttearn^ 
distilled. The product is taken up in 100 niL of ether, washed 
mL of 5% sodium hydroxide then twice with 2-5 mL of water, and dn 
over anhydrous potassium carbonate. After removal of the ether on a 
steam bath the product distils at 53-54°/l-2 mm.; the yield is 16 g- 
(51%). ft is posable to decompose as much as 25 g. or the salt at a 
time, although the yields are sometimes smaller with larger quantit.es. 
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3-Fluoropyridme. The S-piTidincdlazonium fluoboratc,* covered with 
at least 50 ml. of cold higli-boiling petroleum ether, is allowed to warm 
slowly until decomposition starts; the temperature is kept below 25 , 
however, as the decomposition is uncontrollable above this temperature. 
After decomposition is complete, 5 ml. of concentrated hydrochloric acid 
is added to ensure salt formation, and the solvent is removed under 
reduced pressure. The residue is made alkaline with sodium hydroxide 
solution, the solution being kept cold during the process, ^le solution 
is then distilled ; solid sodium hydroxide is added to the distillate, where- 
upon an oil separates. The oil, after do'ing over sodium hydroxide, 
distils at 105-1077752 mm.; the yield is C.4 g. (50% from the ft^mc). 
The use of ether to extract the praluct is impractical because of the 
difficulty in separating the ether from the product. 


OTHER METHODS OF PREPARING AROMATIC FLUORIDES 

DurinE WotU War 11 a vast nmoiml ol research was dona 
aralion ot orsama Iluacino eompouads; tov aromat.c nuorocarbon. vc„ 
prepared, hovcver. rcrflaore alicyclio compoimds such 
OuorocyolohKiane) voro prepared by direct .‘a 

hydrocarbons in tlio presence ot a catalyst eonsisting o PP „ 

path the lluoridcs ot silver ” and by 

silver dilluorido," and otlicr metallic fluorides .« ““P™" ,? J ^ 

pared by any ot tbeso methods are tolly saturated “o P reparaton o 
;>vo aeomatic fluoridcs-be.Taflnorobenrene 

been aecomplishcd; " tho method is illustrated m tho accompanjinB 

C.C1. O.Br.CI.F. C.D 1 CI.F, -5V c.r. 

equation. No simple hydroBcn-eontaining arem.tie fluorino compounds 
have been prepared by any of tho above me s- ^ 

Much ivorle hail been done on direct fluonnation to 

it had been teund that direct V 

difficult because of tho extreme nctivity nolymcrizcd, 

Undergoing fluoriiialion many compounds are e > 

. 1 . ...nntnnpous doeompoflitlon whon 

• 3-ryTitlInp.U.\>onliim ritmtuwnlc* uiulcrBOcj ytofcnt P covcrotl with petfO- 

dry. Con,oq,.o..tly tlut ...ttlori-tl. prrpnml P' 

loura eOiKr. U tllr.-Hly wlthtx.t .Iryln* chem S9. ZOO (lOiT)- 

» MoitPo BTiti iiopi.Mi. ;->■». AVI. ‘■‘r • ’“Vii (ml?) 

•" Fowler and oo-worU-i., /nd. Knt. < JT"- '(lOin. 

Melloo, LlmlttrBh. it.id M ‘ 
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or transformed into saturated cyclic fiuorides by the action of fluorine.-"^ 
Fevr well-deSned products have been reported, though several patents 
covering this field have been issued, a fevr of vrhich are noted here.""’ 

A method of preparing aromatic fluorine compounds that has had 
considerable succes is the decomposition of diazonium salts in hydrogen 
fluoride, aqueous or anhydrous.'^^ The first aromatic fluorine com- 

CeHsXiCl -r HFfexcffis) > CcH^ -b N; -b HCl 


CcHsXH. 


HT (arivGTcr=5) 
XaXOi 


CjHsXjF 


CeH^F 


pound prepared, j>-fluorobenzoic acid, was made this way by Schmitt 
and von Gehren in 1870. This method has the disadvantage of 
requirina special apparatus capable of handling hydrofluoric add. 
Yields are often excellent, however, and a few compounds for which 
the Schiemann reaction would not work have been made this way: one 
of these is 2-iodo-.3-fiuorobenzoic acid.- 

The method devised by TVaHach has had limited usefulnes. K 
consists of isolating a diazonium piparidide and decomposing it with 
aqueous hydrogen fluoride. The intermediates, in contrast to the 
diazonium fluorohorates, are unstable and difficult to purifv, and they 
can be handled safely only in small quantities: the yields are generally 
low. This method has not been much used srnce the development ox 
the Sduemann reaction in 1927. 


^ B3=.wofi arid Whesrty, Proz. Xdl. Acai. Sd. 17, 1S3 (1931). 

^ Bisetnr sad Pesrsoa. J. Art, CTtrru Soc„, 55, 2773 (1931). 

« Birelo— , Pesasca, Cook, Miller, J. An. C?,^ Sor., 55, 451- (1933). 

c 3>rb5rrallsr. Am.^ 505, 20 (19331. 

« ard Csderrach, 67, 92S (1934). 

^ Fukdbara ard Bi^lorr, A. Art, Cr,nri, Soc^ 60, 42T (193S). 

^ Fdkdhsra srd Bi^lTn-, J. An, C7.en. Soc., 63, 2792 (1941). 

« WFearry. -T- Ff‘Vt. 35, 3121 (1931). 

~ Csloow r. S, pst- 21227,625 [CM., 35. 2735 (1941)]. 

“ Cairo" ard Berrir.g. U. S. pat. 2,OI.3.C<30 [CM., 29, eSOO (19^3) J. 

- I>s:;5t ard Pamelee, XT. 5. pat. 2.013.03-5 [CM., 29, 6903 (1C<35;|. 

" E. I. ca Pert de Xertrrr^ ard Co., Fr. pat- 761.340 [CM-, 23, 4430 (1934)]. 

■< FL I. da Pert d? Xenoars sad Co., <3®r. pst. 671,057 [CM., 33, 3395 (1939d- 
“ Firhter, J. &K. Cfjr~.. Jr.i, 4S, a54 (1929). 

^ HdSema ard Berlaaaa, tUc. irzz, ehirt^ 23, (1904). 

*' HoFeataa ard a-Otaratrer, Ver7.crdd. itxrrr.rJA, jradtrlard. AizcA, irktera^-rp., ISj 
-557 (1911) ICM„ 5, 1905 (1511)]. 

^ 0=strald ard Srrerer. Ger. pat- €00,706 [C ■» , 2S, 7250 fl934,>]. 

^ Snart?. Br2. cord. roy. Bdj., 1913, 2-41 (CM.. S, C50 (1914)-. ' 

® Sdaritt ard vrr Garrer, J. —cii. Chm„. [2] 1, 394 (1570). 

Paterra. Gm. cli-r id., 11, SO (lS5i). 

= Sta-rle:.-. Mdlihra, ard .idana, A. An. Crjtrt. &x^ 55, 7C6 (1933). 

*= WaFarF, .4r.-_, 235, 255 (1S56,. 

** Waliarb ard Header, Ar.r_, 243, 219 (1SS5). 
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Lange and MQllcr ** report the preparation of 4,4'-difluorobiphenyl in 
low yield by heating the arj*l-fci«ltaHmium fluophosphate, and WUey 
has prepaml p-fluorobcnzoic add in low jncld by the pyrolysis of p- 
carbcthox3‘bcnzcnediazonium fluosilicate. „ .j it 

A tciv miscellaneous lluoriimtinB agents such ns Irad tetrailuonde, 
p-tolyl iodonuoridc,”-” and others have been tried mth but slight 
success. 

TABLES OF COMPQtlTTDS PBEPABED BT THE SCHIEMANN REACTION 

The compounds M-hich hai-e been prepared by means of the Schiemann 
reaction nro listed in five tables under the follmving headings. 

1. Benzene Derivatives. 

S“^S^a'^h''S'o'1;««r,r, Ah,™ Siraan.a.oasly latreducd. 

Within each table the eomponnds are listed according to the groups 
they contain in the followng sequence: 


Ruorino only 
Other halogcos 
Trifluoromethyl greups 
Alkyl groups 
Piicnols 
Ethers 


Acids 

Esters . 

Amines, anSUdes, and ato compounds 
Ketones 

Tctmcovaicnt sulfur compounds 

Nitro groups 


•a- a.” lanta hppn utilized: a molecule con- 
The '‘principlo of oupa will be Usted with the group 

taming more than one of the 2-fluoro-l-nitrotoluene will 

which is lowest on the list. . j 2*fluortid-bromoanisole is 

be found among tlio nitro compounds, ana 

listed with the ethers. compounds that have not been 

Included are formulas ol w jj,,,,, p,epara- 

prepared by this '"'““‘'i ' or because the intermediate diazonim 

tion was unsuccessfully nttemptM ,„ctiou other than the 

fiuoborato was prepared and usen lot 
Schiemann reaction. 

F. - 63. 105'< (1030). 
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There are two columns of references, one for the preparation of the 
diazonium fiuohorates and the other for the preparation of the fluorine 
compounds from the diazonium fluoborates. This arrangement has 
been adopted because, as explained above, a diazonimn fluoborate has 
sometimes been prepared but not used in the Schiemann reaction, and 
also because the best yield in the preparation of a certain diazonium 
fluoborate is sometimes reported in one paper and the best yield of flu- 
oride obtained by the decomposition of the same fluoborate is reported 
in another paper. 

The entire range of yields reported for each compound is given in the 
tables. Thus 56-78% means that 56% and 78% are the lowest and high- 
est jdelds reported. No more than four references for anj' one compound 
have been given; if there were more than four references, the four p%’ing 
the best 3 rields are reported. 

The hterature has been covered through Chemical Absirads for 1946, 
although some 1947 articles are included. 
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BtSlESE DEMTATIVnS 
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ORGANIC REACTIONS 


TARIjE I — Conltnufil 


Br.K7:nKr Dj:iuvATm*j> 



DIj 

.tor.;nr> riioVjnt** 


mm 

CocpD’^nd 

5 C 

4^~ys:nri 

3 3 

Deocmyofi- 
li'in Tetri- 

•c. 

H 


VrI'l 

r* 

p/frrta'^ • 


Certprtr’id 

!* Ctr^irdt.i 

.4Ii;4 Grrup 

t 



o*FluaroloIaene 

:-cn. 



n.35, 101. 
102 


101, 102 

rj-noorotolurn* 

3-cfr, 



12. lOI. 103 


101 , m 

p*Tluorotcil'ienc 



C7-M 

X 13. W 

s;, 70 1 

1.14 

2*5-I>;5corotolafne 

;-cns.4-r 


C2 

101 

M 

101 

2.C-t)*ifluorotot.:cne 

s-r 


— 

45 

Mt- 1 

40 

2,4-Dlrsclli5^i£aarobmien» 

:-cni.<-cns 

10 s 

31-4; 

1. 103 

C/5-IOO 

1.103 

3,5-DIm<*thyl£norobcfti^<T 
i;M>'£aoro4.&-dimethyl- 
b<ni«n« ' 

3— CHj, 5— ail 

£S 

t9 

lOi 

53 r 
t-s 

1 

!M 

2,4.C-Tfirs*thylSuort>» 

bceieoe 

2— CH^ 4 — CHi. 
(HCn* 

— 

— 

105 

1 Si', 

105 

Di5Qoroms£ty!«n« 

2— CHj, 4— CiTi, 
(r—CHl, 3— 'P 

— 

“ ! 

47 


47 

Tri2airoas!a;tT!«:« 

2 -cnt. i-aii. 

C-CHt. 3-F. 
5-F 

' 

■ 

47 


47 

2,&-D:atlhsU~lc‘iArji} 1- 
fiaorebeniesa 

2 — CHj, 4— /-Cin». 
(r— CH 4 

— 

— 

103 

70 J 

103 

2,4-I>ia«thyl-6-brem> 

flnorobeniene 

2-CH^4-CHj, 

G-Br 

lei 

M 

105 

Q-jar.ti- 

Utive 

105 

2-Cli!oro4^aroto!nme 

3-a.4-cn, 

123 



107 

71 1 

107 

2-Ch2oro-C“53orotolos2ff 

2 — CH 1 . 3 — a 

141 

S0-2I 

45, 103 

5^51 

45 . 105 

3-Iod>4-6norotoln'Kis 

2— 4~CHj 

no 

70 

100 

70 

109 

1 ,3-D:5nort)-24odo>4- 
c5iloro-<»-nietliyIb«nen8 

2-1,3— F.4-CH^ 
G-Cl 

21S 

C5 

54 

S5 

H 

l,3-DiflnoTo-2-io<io-l,G- 

dimetliylbenien? 

2 — 1 , 3 — F. 4 -CH 1 

6 — CH) 

235 

05 

54 

75 

54 

_ 


Phcz^ erjS Zlhe$ 


thlTniropb.enol 

2— OH 





•*0 

tt 

•v> 

tn-FhioropHenol 

3— OH 

— 

. 

22 

50 i 

22 

p-Tlcorcpheiiol 

4-OH 



■ 

22 

tr 

4V> 

o-Fhioroaabola 

2— OCH, 

125 

52-91 

22, 4S. Ill 

54-67.641 

29, 45, no 

pHnaoroamsoU 

3— 4XJtij 

C3 


28. 29, 30 

42-64 

*>«, 23 

p-Tlnoroanissfe 

4-OCH, 

139 

S5 

22,29 

C7. 47 5 

22, 29 

2,4-Di52orcan23D!s 

3— F.4-0CH, 

99 

CO 

no 

81 

no 


* References 90-142 are on p. 228- 
t See Table V. 

{ CH'er-a!l yield from nTnrno, 
t Preparation not attempted. 

^ Over-all from finoromemdine. 


*=* Over-all yield from mesitylcns 
tt Preparation attempted and failed. 


a its low dscoinpcmtian point, is liielj- to decompose 
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TABLE I — Ccmlinwd 


BcCZirS-E DEErVATTVES 


i 

1 

1 I)3Kn~:r3 risobari-i-? | 

■n 

Ctopcnsd ! 

1 

5 « 

4^~^y;Br< 
3 ” 2 

1 

!D*cct=jo5:- 

tSaaTc:^- 

piTifcrt 

•c. 

Ik-M 

yC 


Tz^i 

Ji^fTKCe ' 









ArAiidtt, crS Az^ CcT. 7 K-zr,it 


p-nz^roi£=3?t2:TUr£!^:::5 


i isi 

so-ei 

i 115, 121 

ir 

in 

^-nr^roC 3 t' 2 :jiar£ 22 JS 

4— K(CsHrt2 

m 

S3 

133.131 

31 

n; 

p-TBsxoiWis^I-i? 

^JTECOCHj 

125 

84 

7 

~ 

so 

--rraxr?;ii-=l^ : 

i==2se 

^--VCCtHll; 

IG2 


131 

I 


4 ^r 3 crcsi:>bec 33 cie 

4-:;=;.--c,Hs 

145 

72 

1 

w. no 

10 5 

11 ? 


tiilrui 



[J-COCH, 

H3 

1 

131 


ni 

p-I^33rCfi.Wt7pi«»32fi 

4-COCH2 

— 

91 

13 

I 

— 

«-rr55TO7ro;j'J:^««’=* 

3-COO-Hj 

S!-2 

73 

55 

<:5 

55 


3— 4j*yj-i3j 

57-5 

S? 

55 

055 

55 

4-TIj: A. 

4,4'41=22r5»'b?sa<;^^ ' 

4-C0C^E5 

4 

IIS 

i 

10 

135 

00 5 
£ 

115 


, .,^. 

, 4 — frO^n. 

1 

10 1 15 1 

I - j 


Zfzi 




1 : 


3-T3s3ra-4-^drjS7t^a- 

2--OH,5— SOjH 

5ohb!* 


T 

— 

**»*»*-'*-*r^- icd 



1 



4-Tr23r^»s=S2=s- 

4— SOil^-Hr 

— 

— "j 17 

I 

— 

czlfcGsrrds 



1 



4,4-I)^=3=ra£j«^=0^ 

*' i7 


i 

fr 









CcTs^rsiit 


t-Oa-CTrCT=K=; 

2 — 1‘05 

i 

125 

j 

55-53 

E. 13, 14, 32 

] 

ic-n 

EH.21S5 

T5-;»r:rK::2art.i«:3«=j5 

;5— XOa 

ITD.lls 

73-03 

13, 14, 22, 40 

43-54 

32. 2S. 55 


4— KO. 

155 

£0-110 

t£,24.n3 

■4>-5? 

51^! 

22,SS.5E102 

5.4-iA^L'-J__i^-,^K2S“3T 1 

s— orct 4 — jroj 

I5I 

n 

53 


53 


2— 170^,5— 1;0; 

*3* 

57 

124,125 j 

15 

124, 123 


* "SM^r^zisfS 90-142 C2 p. 
■t S« Tzhls V. 

I Preparstior: zim stLeripc^id. 
tt ?repsrst»:i 
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TABLE I—Cotitinued 



* RefeKDcn 90-142 sn oa p. 23S. 
tSe«T»ht8 V. 

I Over-aU field from auiae. 
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TABLE n 


Naphthauent: DEEiVATrrES 


Cccrpomd 

I>l2ioah:ra Fla'^bratc 

BBS 

H 

Deceopoo- 
tiaa Tcn- 
peratere 

“C. 

Ti»2d 

e- 

JC 

EtfTOK" 

ThM 

% 

! 

Rcfercce* 

l-rlaarcaspbtiakES 

; 1— 

1 113 

1 

1 C2-03 

i 

i 3,35.£0, 

66-4S 

1,43.130 





130 




2— ^lEFi 

303, 110 

1 10-97 

133,330,331 

eO-Q-jzn- 

33, 43. 13a 






thatiTe 

131 

l,4-DifT23roasp!:li:n!sas 

i-K.Brt+-r 

1C3 

47 

120 

37 

130 

l^Difaarcaapiitialaae 

t 




t 



t-t 




*,’* 


l-Brtja^-S-iaartnapilialsae 

1— Er.2— KjBFi 

95 



121 

23 5 

131 

l-Thicro-4-lrcrxs3pithal?rie 

1— KjBtt 4— Br 

1S2 

£7 

130 

&5 

130 

3<:bl3ro-2-£ssriaapblhikr.e 

1—0.2— KjBF,: 

IM 

hi 

25: see 24 | 

£0 

25 

l-nsorp-S-ehlsrcaapitialsEi 

1— ^^BF«.S-CI 

165 

hi 

132 1 

£0 

132 

l’TlairT>5-cgUiybapbtbs^?r^e 

1— X.BFt.2— CE, 

liO 



24 


24 

l-Bs=is=siis-2-£=ro=ji!i3j=5 

l-X:C«Es. 

US 

31 

24 ' 


24 


2— N.BF< 






l-Ka3w-4<ap-l]a2sa£Eirozi; 

1— K:BF< 

_ 


120 


130 

acid 

4— SOjH 






l«yTtro-2-Say~-*pbVrA>r.e 

1-K0i, 2— KsBF, 



_ 



24,25 

X*yitr>S»£agroaa7llialg:? 

1— XjBFt, s-y;0; 

124 

— 

24 

B 

24 


* Heferencss 90-142 arie oa p. 22S. 
t Se« Tab!& T. 

X Prepiiatioa not attesipted. 
f Orer-^ yield from asnine. 

I Froia l-ciiro-a-asdaoaapbtiiakae; see p, 199 . 
^ Prepsrstiim stteapted 
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TABLE in 


DI^/IC^^rL AND Or«ER PoCTOTCtBAS Htdrocarbos Debitattsts 



I&asoarUD nuoborste 


iI.V,SFs -- RF 

Comfouad 

S' r » » 

‘OO 

4* <* d J 

portion 

TaopR~ 

•c 

Vield 

Refre. 

STeld 

% 

Refer. 

S.FluorottfptrayJ 

J-NjBFi 

<1 

B4 

IS} 

At 

S3, ]}} 

*-F1iiorobipbeai 1 

S-KiBF, 

«1 

U 

IS3 

«f 

133, 134 

i-Ftoorottphesyl 

S,P*Difluorolapbenrl 

l.S'-DtBoenhipbnyl 

4.4’-Di8<HeelapbeBTt 

4-*KjBF, 

t 

IK 

a&-»i 

IS. eo. 
m 

Rt 

: 

: 

i 

IS. m 

ti<'>ni£u«eebtpb«n) 1 i 

?-V|BFa4-r.4'-r 

a 


us.m 

m 

ti 

IIS, I3& 

isr 

t,4.4'.S>Tttra9aanUpIiearl 1 
j.}’4,4'.M>BUiueeobipbeaft 

2-KiBra«-r,4--r.»-F 

t'l 

KC 

R 

13S. IS7 

ti 

If 

IM. UT 

^Ru4t»4‘-t]roaob>pbeo) 1 

♦-SiBF* 4'-B» 

<>00 

"isr 

IS* 

ST 

US 

^nuo(M,4'elaetbfltcpbea)i 

4-CBs. 4--CBa 

<1C« 

»4 

1 1st 

11 

1» 

S,}'>DiflMra4,4'^iaielhil* 

bipbevl 

2 J’*Ci9uor»d,('‘duiMthi k 
bipbeort 

tJ'*DiiDethy1*^4'^j£aQe^ 

J-SiBFar-r.*-CHa 

4--cai 

j 

loo 

n 

ist 

Rt 

t 

t 

Ut 

] 3'-Duneth)M,4',8.tri9iJorce 
Upbenpi 

>-S,BFa*-r.4--F. 

n 


I« 

SS 

110 



n 



13 


4-yitro4*.duorobiplieoyl 

2‘Mtro-4,4'.ddiJoeQbpbearf 

*-SiU>4'dron»t4’-difluoro- 

bipbettyl 

Lr-l>iiuC>chd,4’-d>9iiceo- 

bipbenyl 

S.*'-D<meth}'l-t.4’eUlucr<e«- 

aitrobipbetiyl 

♦-NiBFa r-KO, 

t 

i 




151 

t 

:■ •• 

1 



■ lUffnoca 0<>-l<2 «n on p. S3S. 
t Orst^U r»Jd Ir^ra MiniiK. 

J S»« Title V. 

I Prepared and erroneously reported as S.«,S'-tnauof>>J»plieB> 1 in ref. 1*8. 
I Prepared and erroneouely reported as 
^ Preparation attempted and failed. 

** PreparaUoii not attempted. 
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BiPEENTL iSD 


Poii-rsTTciJEAS. Htdbocaebox DrsivirivES 
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TABLE IV 

IIcTxnocTcxic Rxottnct Coupocmjs 
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TABLE V 



t T&bjf* L 



Ufbeafl 


/"v/\ 


}j'.Cuat(lul-4,4'>diSuo(^ 

bpbeorl 


HjC 



2‘?ntr^,4''^^awbph«n}'ll 


2-Kitn>4’-t»«Bo-t4'- 

diflaoroS^beajl 


KOf 



tBphMtft 



(-uaobicitKa;I 



S,^0ifw«piyrtdiM 
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IHTUODTJCTIOK 


The Friedel and Crafts reaction between an aliphatic diba^c acid 
anhydride and an aromatic compound results in the formation of an 
aroyl fatty acid with the aroyl group situated at the last carbon atom of 
the aliphatic chain. Since the lowest known dibasic anhydride is succinic 
anhydride, the number of methylene groups between the carboxjd group 



CO 

/ \ 

(CH2)n O 

\ / 

CO 


AlCli 


^j^^COCCH^lnCOzH 


and the carbonjd group cannot be less than two. /S-Arovlpropionic acids 
are therefore the lowest members of the seriK that can be prepared by 
the general reaction. Acids such as benzoylformic and benzoylacetic 
acid are not accessible by this procedure, and their sjmthesis is beyond 
the scope of this discussion. When maleic anhydride (or a substituted 
maleic anhydride) is used instead of the saturated anhj'dride, a 
benzoylaciylic acid is obtained. Burcker introduced the reaction in 



CH— CO 


!! >0 

CH— CO 


AlC3i 


^^jj^^C0CH=CHC02H 


1882, when he condensed succinic anhydride with benzene in the presence 
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led to the preparation of many new acids, to an improved technique, and 
to a greater knowledge of the reaction. In this way many new hydro- 
carbons have been sjmthesized by Haworth, Fieser, and others, and the 
structures of manj' natural products elucidated.®- Since so much 
more is kno\vn at the present time about the reaction with succinic 
anhydride than with all the other anhydrides, the follov-ing discussion 
is primarily concerned vath this reagent; the others will be included in 
special sections. 

]MECHAIiISM 

According to the work of Holier and Adams ^ and the investigations 
of Groggins and Nagel,” the Friedel and Crafts reaction v-ith an an- 
hydride proceeds with a maximum yield when two moles of aluminum 
chloride are used per mole of anhydride. According to Groggins and 
Nagel one mole of catalj-st brings about the fission of the anhydride 
vith the formation of the aluminmn chloride salt of one carboxjd group 
and the formation of the acid chloride from the second carboxjd group.” 
The second mole of aluminum chloride functions as the catal5''st as in a 
tjqjical Friedel and Crafts acylation. In harmony with these "sdews and 
the present theories of aromatic substitution the reaction can therefore 
be msualized as proceeding through the complex I, which attacks the 

0 

/■ 

CHiG— OAlCb 

! 

CHzC+AlCh- 

\ 

0 
I 

aromatic ring by virtue of the electrophilic center on the acyl ion. The 
preferential fission of unsjanmetrical anhydrides can be explained if 
the assumption is made that the electron-seeking aluminum chloride 
opens the anhydride toward the carboxyl group that has the higher 
electron density. The effect of substitution is not great with methj'l- 
succmic anhydride but is pronounced with the para-substituted phen3'l- 

' Fieser, Chemwtry of Kalural Products Pdated to Pheruznlhrene, 2nd ed., pp. 71-75, 
Reinhold Publishing Corp., Kew York, 1937. 

” linstead, Ann. Pepts. on Progress Chem. {Chem. Soc. London), 33, 336 (1936). 
a Spnngall, Ann. Pep's, on Progress Chem. iChem. Soc. Lsmdon), 36, 301 (1939). 

^ NoUer and Adams, J. Am. Chem. Soc., 46, 1S89 (1924). 

« Grogsjns and Xagel, Ind. Png. Chem., 26, 1313 (1934); Groggins, Unit Processes in 
Organs Sjrdhes^, 3rd ed., p. 761-762, McGrarv-HiU Book Co., New York, 1947. 
iQi>; 090 formation of such a complex is presented by Saboor, J. Chem. Soc., 
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succinic anhydrides listed on p. 245, which arc cleaved in accordance 
with the character of the substituents. The dual nature of the phenyl 
group could account for the fonnation of both acids in equal amounts 

R— CI^!-C=0 RCnC^.UCl, ^ „ 

I > + 2AICI, »- I — 

cilr-cio cn,c+ AlCir 

when phenylsuccinic anhydride is condensed with benzene.*® Nitro- 
benzene, when employed as a solvent, accentuates preferential cleavage 
in one direction, which may be due to the solvent power of nitroben- 
zene or to its greater ionizing power. '^** Other mechanisms for the re- 
action of unayrametrical anhydrides have been advanced.* *''* '* 


RCHCOjAlCl, 

I 

ClbCOCeH. 


SCOPE AND LIMITATIONS 


The reaction between an anhydride and an aromatic compound in 
the presence of anliydrous aluminum chloride is a Friedel and Crafts 
reaction; it is therefore applicable to all those aromatic compounds on 
which that type of reaction can be carried out, i e., aromatic hydro- 
carbons, their halogen derivatives, phenols and phenolic ethers, and 
many heterocyclic compounds. Recently the successful condensation 
of succinic anhydride and acetanilide lias been reported.** Compounds 
having nitro, carboxyl, carbonyl, and similar deactivating groups which 
impede tho Friedel and Crafts reaction cannot be utilized. If the de- 
activating group is removed from the aromatic ring by a few methylene 
groups, the reaction becomes possible, ns has been shown for ethyl 
/3-phenylpropionate or /S-phenylpropionitrilc.”-*' 

The yields in succinoylations are usually fair or good (between 50% 
and 100%), although some much lower yields ha%'e been reported, par- 
ticularly with substituted succinic anhydrides or with halogcnated ben- 
zene derivatives, ^vhich of all compounds have been studied least. Only a 
few reactions have failed completely or failed to yield the expect^ prod- 
uct. Guaiacol and hydroquinone monomethyl ether are reported not 


“ Ali. Desai. Hunter, and Muhammad. J. Chem. 

■« Desai and Wah, Vrcc Indian Acad. Sci. 6A. X35 *, a’™ S S6. 

” WaU. Khalil, Bhatia, and Ahmad, Proe. Mum Acad Sci.. HA, 1 ( ) I 

1598 (1942)]. 

“ Rothstein and Saboor, /. CAem- Aoe, 1943, •wa'T fl945) 

" Engh.h. Clapp. Cole, and Krapeho. /. Am. Chem. Sac.. 6T. 220.1 (1945). 

* Borache and Sinn.. Ann . «S3. 2C0 (194». ^ jhe P 

" See aUo ricser and Ileymarm, /. An. CAem. • 

between phthaUo anhydride and 7-pt»cn> lb»rtjT« and. 
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to react succinic anhydride under a variety of different conditions 
in nitrobenzene, tetrachloroethane, or carbon disulfide as ^olven^ 
At elevated temperatures demethjdation of pbenohc ^tbers 
occurs Pyrogallol trimethyl ether yields ^(2-hydro^-3,4-di 

methox%-ben2oyl)propioiiic acid in aU solvents that have 
nlovedi-’-^-^^ when, however, the orgamc layer is separated from 
aqueous acidic layer before steam distillation, a small amount of the 
undemethvlated acid is obtained.^^ 9,10-Dihydroanthracene 
succinic anhydride and aluminum chloride in nitrobenzene 
imdergoes substitution in the aliphatic 9-position “ instead of the 



CHiCO 
! >0 
CHjCO 


AlCh 
> 


COCHiCH-COiH 



position as expected by analogy- with the beha\-ior of tetralin. A sma 
amount of the same acid was also obtained from anthracene 
■when benzene was used as solvent ” With a large excess of catalj e 
substitution occurred in the 2-position only.=‘ ji-Di-feri-buty-lbenzene 
reacts with succinic anhydride in carbon disulfide with elim^tion o 
one /ert-butyl group; ^-(p-<ert-butylbenzoyl)propionic acid is formed 
together ivith a small amount of an unidentified acid.®^ 


Types of Compounds Condensed with Succinic Anhydride 

Hydrocarbons. A great number of methj'lated benzenes have been 
succ^sfull5' condensed vrith succinic anhj-dride. Toluene, the three 
3C3dene3, mesitylene, the tetramethylbenzenes, and pentameth3'IbeMaii6 
can be converted into the corresponding methylated ^aroj'lpropionic 

* Gusiacol and ancainic anhydride have been shovii to react in a mixture of tetrachloro- 
ethane and nitrobeorene to form ^(4-hydroiy-3-methoxj-beazoi-I)propionic acid in lovr 
yield- Holmes and Trcroy, Can. J, Retearch, 22, 109 (1944). 

— Dalai and Xargnnd, J. Indian Cftem. Soc., 14, 400 (1G3T). 

^ PerHn and Robinson, J. Ch^rm. Soc.^ 93, 4S9 (1905) . 

TTHI, Sboxt, and Stromberg, J. Chem. Soc., 1937, 937. 

^Rics, J. Am. Chem. 5oc., 50, 229 (192S). 

— Bargellini and Giua, Gtzzz. chim. iial., 42, 1, 197 (1912). 

— Dalai, Eobil, and Xargmid, J. Vniz. Bombay, 8, Pt. 3, 203 (1939) 34, 2S21 

(1940)]. 

— Mitter and Dc, J. Indian d.errru Soc., 16, 35 (1939). 

^ ilanslie and Holmes, J. Am. Chem. Soc., 67, 95 (1945). 

^ OorAi, Robinson, and Roe, J. d^em. Soc., 1939, 2&6. 

^ Berliner, Trapnblisb.ed xesnlta. 

^ Price, Sbafcr, Huber, and Bernstein, J'. Org. Chem., 7, 517 (1942). 
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acids in good jnelds.^-*"” Alkylated benzene derivatives having alkjd 
groups larger than methyl that have been emp]o 3 ’ed as starting materials 
in the reaction include ethylbenzene/-*^** cumene,*^” p-cymene,** 
o-ethj'ltoluene,*- /erf-butj-Ibcnzene,** and /erf-amyJbenzene.** Jfigrafion 
or isomerization of larger groups, which often accompanies Friedel and 
Crafts reactions/^ has not been obser\'ed in succinoylations; but com- 
pounds such as n-propyl- or n-butj'I-benzene, with which such isomeriza- 
tions might be expected to take pLace, have not been studied extensively. 
n-Propylbenzene has been converted to /3-(4-n-propylbenzo}'l)propionic 
acid \vithout isomerization of the n-propyl group.*^® 

Naphthalene and its alkyl derix-atives have been the most thoroughly 
studied of all the polynuclear hj-drocarbons, and a great number of 
phenantlircne derivatives have been sj-nthesized through the appro- 
priate fl-naphthoylpropionic acid.**-**-** Phenanthrene,*'’*’ anthra- 
cene,**'”**-** pyrene,**- “•** retene,*^** and chTj-sene**-** condense fairly 
readily with succinic anhydride, as do also some methyl derivatives of 
phenanthrene.”'**'** Partially hj-drogenated arcaaatic compounds and 

“ Muhr. Btr.. 38, 3315 (18W). 

** Barnett and Sanders, /. Chem. Soc., 1933, 431. 

** Levy, Ann. (Ill 9, 5-{t93S). 

” Fieaer and Priee, /. Am. Chem. Soe., $$. l$33 (mS). 

“ (a) Fleser, Berliner, Boadbus. Chon^ Dauben. Etllmger, Fawei, Fieldi, IleidelberBer, 
Heymonn, Vaushan, Wilson. Wibon. btu^i Wu. and <b) LeSer, Hamlin, Mateon, Moore, 
Moore, and Zaugg, J. Am. Chem. Soe.. 70, 3174, 3197 (1946). 

’'Thomas, Anhj/^ivuo AluminumChionJoinOrfonieChemitlry.p 64, Relniold Pnbliali- 
Ing Corp., New York, 1941. Haworth. Letahy. •“'i Mavm (ret 112 below) condensed 
sviecinio anhydride with the hydrocarbon obtained (rom naphthalene and n-propyl 
bromide in the pres«cro of aluminuio chloride. The resulting keto acid was not identical 
with ^(S-isopropyl-Z-naphthojDpropiomo *cKl and was probably P-(6-7i-propyl-3- 
naphthoyl)propioiiic acid, the succinoylation proceeded without Lomenaation. 

Smith and Chien-Pen Lo. /. Am. Chem Soe., 70. 2209 (194S). 

» Haaorth et nl , /. Chem. Soe., 1932, 1125, 1784. 2248, 2720. 

" Fieeer and Peters, J. Am. CAe*a. Sec.. SI. 4347 (1932), 

“ Bachmano and Struve, J. Org Chem., i. 473 (1939). 

Haworth and Mavin, /. Chem Sec., 1933, 1012. 

" Bachmann and Bradbury. J. Org. Chem.. 3, 175 (1037-1933) 

“ Cook and Robinson, J, Chem. Soe., 1938, 505. 

** Bergmann and Weirmann, J. Chem. Sac . 1938, 1243, 

** Cook, Hewett, and Hieger. J. Chem. Soe., 1933, 395. 

« Fieser and Fiesor. J. Am. Chem. Sec, »T, 7S2 (1935). 

” Wmterstein, Vetter and SchOn, Ber.. S8. 1079 (1935). 

« Adelson and Bogert. J. Am. Chem Sec . 89. 1776 (1937); Ciuaaday and Bogert, ibid. 
63,703 0941). 

" Fieser and Clapp, /. Am. Chem. See., 63, 319 (1941). 

” Bejer, Ber., 71, 915 (103S). 

« Cook and Graham, y. CAem. See., 1944.329 _ f 

“ Bachmann and Edgerton, J. Am. Chem. Soe., 69, 2530 (1940). 

“ Bachmann and Cortea. J. Am. Chem. Soe., 68. 1329 (1943). 

“ Fieser and Cason, J. Am. Chem. Soe, 62. 1293 (1940). 



to react rdth succinic anhydride under a variety of different conditions 
in nitrobenzene, tetrachloroothane, or carbon disulfide as the solvent - 
At elevated temperatures demethylation of phenolic ethers of^ 
occurs.^-*-^ PjTogallol trimethyi ether jdelds jS-(2-hydroxj'-3,4-di- 
methoxj-benzoj-l)propionic acid in all solvents that have been em- 
ployed; when, hovrever, the organic layer is separated from the 
aqueous acidic layer before steam distillation, a small amount of me 
undemethylated acid is obtained.^ 9,10-Dihydroanthracene mth 
succinic anhj'dride and aluminum chloride in nitrobenzene solution 
undergoes substitution in the aliphatic 9-position ^ instead of the 2- 

COCH-CHiCOiH 



porition as expected by analogj" vrith the beha\rior of tetralin. A small 
amount of the same acid vrzs also obtained from anthracene directly 
■when benzene iras used as solvent.*’ With a large excess of catal}'=t 
substitution occurred in the 2-position only." p-Di-tert-butylbenzene 
reacts vrith succinic anhydride in carbon disulfide vrith elimination oi 
one ferf-butyl group; jS-(p-t€Ti-butylbenzoyl)propionic acid is formed 
together vrith a small amount of an unidentified acid.*' 

Types of Compounds Condensed vrith Succinic Anhydride 

Hydrocarbons. A great number of methylated benzenes have been 
successfully condensed ■with succinic anhydride. Toluene, the three 
xylenes, mesitylene, the tetramethylbenzenes, and pientamethylbenzene 
f»nn be converted into the corresponding methylated ^aroylpropiomc 

* Gnsiscol and Enccimc anhydride been shcr;^ to react in a mhctnre of tetTachlorT>- 
ethane and nitrobwmene to icrm ^(■t-fcydrciiy.3-rcethcFnyhenzoyl)p™P^°^‘^ 
yield. Holnre and Treroy. Can. J. EerrcrtA, 22, 100 (1914). 

= Dalai and Xargand, J. IrAvzn Cf-m. 14, 403 (1937)- 

— Perlnn and Robinson, J. Son. 93, 459 (19CES), 

“ HSl, Short, and Srromiwrg. J. Soc^ 1937, 937. 

^ Eics, J. Arr^ Soc^ 50, 223 (1?^). 

— aiid Ghia, Gcz:. c’ifn. 42, 1, 197 (1912), 

=■ Dalai, BoiS, and rsarnnnd, J. Vniz. Borsicy, S, Rn 3, 203 (1933) [C-i., 34, 2521 
(1940)]- 

= Mitter and De, J. Irjiicn Cfjm. Socl, IS, 35 (1939). 

=e Manehe and Hohnss, J. Arz. Crjrrn. &>-, 67. 95 (1945). 

^ Cooi, Robinson, and Roe, J. Son, 1939, 235. 

® Bsrlinsfr, res^ihs- 

= Price, Shafer, Hnber, and Bemetein, J. Org. Crjzrn^ 7, 517 (1942). 
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acids in good jneldsJ-’'” Alkylated benzene derivatives having alkyl 
groups larger than methyl that have been employed as starting materials 
in the reaction include ethylbenzene, cumene, jsj-cjTnene,** 
o-ethyltoluene,** tert-butylbenzene,® and <ert-amylbenzcne.*‘ Rligration 
or isomerization of larger groups, vhich often accompanies Friedel and 
Crafts reactions,*^ has not been observ'ed in succinoylations; but com- 
pounds such as n-propyl- or n-butyl-benzene, \nth which such isomeriza- 
tions might be expected to take place, have not been studied extensivoiy. 
n-Propylbenzene has been conx'crted to ^'(4-n-propylbenzoyl)propionic 
acid mthout isomerization of the n-propyl group.’^® 

Naphthalene and its alkyl derivatives have been the most thoroughly 
studied of all the poljmuclcar hydrocarbons, and a great munber of 
phenanthrene derivatives have been sjTithesized through the appro- 
priate ^-naphthoylpropionic acid.**"®-* Phenanthrene,”'^® antlira- 
cene,*''*®'”'” pjTene,**'^*'” retcne,®-** and chrysene condense fairly 
readily with succinic anhydride, as do also some methyl derivatives of 
phenanthrene.®'®'” Partially hydrogenated aromatic compounds and 

” Muhr, Btr., 58, 3315 (ISOS). 

” Barnett knd Sanders, J. Chetn. Soe., 1033, 434. 

»* Levy, Ann. eAim.. (11] 9. 6 (1035). 

“ Fieser and I^iee, J. Am. CAem. Soc., 68, 1635 (I93S). 

" (a) Fieecr, Berliner, Bondbus. Cbane. Dauben. Cttliager. Favsi, Fields, lleldelbercer, 
Iteymonn, Vaughan, Wilscn, Wilson, Ma^ Wu, and (6) LeSer, Ilazolm, Mateon, Moore, 
Aloore, and Zaugg, /. Am. Chm. So<., 70, 3174. 9107 (1045). 

”Thomaa, AnAydroue Aluminum CAlorii/a ta Organic CAemislrv, P- 04, ncinhold Publish- 
ing Corp., New York, 1041, Haworib, L«tsky, and Mavin (ref. 112 below) condensed 
auccinie anhydride with the bydrocatboo obtained (rom naphthalene and n.propyl 
bromide in the presence of aluminum chloride. Tb« resulting keto acid was not identical 
with fl-(6-isopropyl-2-naphth<^l)propIonie acid and was probably p-(6-T>-prop}I-2- 
naphthoyDpropioDio acid; i e , the auccinoylation proceeded without isomerisation. 

Smith and Chien-Pen Lo. f. Am. CArm. &K., TO, 2209 (1945). 

“ Haworth et al , J. Chen. Soc., 19SZ, 1135. 1784, 2243, 2720. 

** Fieser and Peters, /. Am. CArm. iSoc.. 84, 4347 (1033). 

*“ Bachmann and Struve, J. Org. Chm., 4, 472 (1930). 

Haworth and Mavin, J. CAem. Soe , 1933, 1013. 

** Bachmann and Bradbury, .7. Org. CAem., 5, 175 (1937—1938) 

Cook and Kobinson, J. CArm. Soc., 1938, 505, 

” Bergrnann and Weiimsnn, J. CArm. Soc , 1938, 1313. 

” Cook, Ilewett, and Illeger, S. CArm. Soc., 1933, 395. 

« Fieser and Fieser, J. Am. CArm. See . 87. 782 (1935). 

‘t Winterstein, Vetter, and ScfaoD, Bcr„ 68, 1079 (1935). 

•» Adelson and Bogert, J. An. CArm. Soc., 89. 1776 (1037) ; Cassaday and Bogert, &iJ. 

63, 703 (3941). 

** Fieser and Clapp, /. Am. CArm. Soc., 63, 319 (1941). 

“ Bej-er, Brr.. 71. 915 (1935). 

Cook and Graham. J. CArm. Soe., 1944. 329 - 

“Bachmann and ndgerton. J. Aim CArm. So* . 62, 2550 (1940). 

“ Bachmann and Cortes, J. Am. CArm. Soe., 68, 1329 (1913). 

“ Fieser and Cason, J. Am, CArm. See, 82, 1293 (1940). 
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compounds having aliphatic rings that have been emplojed in ^cem 
oylations include h 3 -drindcne fiuorenc « accnaphthenc," tetrahn, 
as iveU as partially hydrogenated anthracene,*'-^ phenanthrene, 
retene^^ p^Tene,^^ and acephenanthrene.“ Reaction ivith these com- 
poundL often proceeds ndth higher jdelds than vith the fullj^ 
compounds and leads to a single product (compare p. 239).^ ^Vmong tn 
bicvclic compounds that have been employed arc biphenyl,'-''' j T* * 
methane,''®-^- and phem-lcyclohexane."-'' All four halogenated en- 
zenes and o-chlorotoluene have been converted into the corre- 

sponding p-halobenzoj-lpropionic acids, but no halogen derivathes o 
pohmuclear hj-drocarbons or of compounds hai-ing more than one 
halogen atom have been tried.“ 

Phenolic Ethers and Free Phenols. Phenolic ethers, yhich imdergo 
the succinojdation reaction particularh* readily, have been extensh e y 
studied. The compoimds utilized include anisole,''-'’-''’-'' manj' ethers 
of phenol v-ith alkj-1 groups larger than methyl,''-'-^ all three creso 
methjd ethers,'*-^ and a number of derivatives of anisole vrith more an^ 
larger alkjd groups,’'"^ as veil as o-chloroanisole and o-chlorophenetole. 
Thea-and^methoxynaphthaleneshavebeen readih' converted into the 


®Fieser and Seligmao, J, *477:. Chem. Soc.^ 59, SS3 (1937). 

Sengupta, J. Indian Chem, 5oc., 16, 89 (1939). 

^ McQuiUin and Robinson, J. Ch^m. Soc^, 1941, oSG. 

^ Koelscb, jT, Am. Chevu .Soo., 55, 3SS5 (1933). 

S3 Xewman and Zahn, J, Atti, Chenu Soc.^ 65, 1007 (1943). 

« See p. 240. 

^ Fieser and Peters, J. Am. Chem, Soc., 64, 4373 (1932). 

^ Weizmann, Bergmann, and Bogracbow, Chemielry A* Indxi^ry^ 59, 402 (1940). 

*3 Hey and WiUdnEon, J. Chem, Soc., 1940, 1030. 

^Buu-Hoi, Cagniant, and iletzner, BuZZ. toe, chim. France^ U, 127 (1944). 

Straup and Scbwambei^er, Ann,, 462, 135 (1923). 

® Fieser and Seligman, J. Am. Chem, Soc.^ 60, 170 (193S). 

^ Cbovin, Ann. cAim., [11] 9, 447 (1933). 

^ Haworth and Mavin, J, Chem, Boc., 1932, 2720, reported that the condensation o: 
4r*broino-l-niethylnaphthalene with succinic anhydride seemed unpromising. 

Poppenberg, Ber., 34, 3257 (1901). 

^ Hahn, J. Am. Chem. Soc., 38, 1517 (1916). 

■^Fieser and Hersbberg, J. Am. Chem. Soc.^ 58, 2314 (1936). 

Rice, J. Am. Chem. Soc., 45, 2319 (1924). 

^ Trivedi and Xargund, J. Uniz. ’Bombay, 11, Pt. 3, 127 (1942) [CA.., 37, 2005 (1943)]- 
Rosenmund and Schapiro, Arch. Pharm., 272, 313 (1934) [CA., 28, 4046 (1934)]. 

^ Besai and 'SVali, Proc. Indian Acad. Sci., 6A, 144 (1937) [C.A., 32, 509 (193S)]. 

” Fieser and Lothrop, J. Am. Chem. Soc., 58, 2050 (1936), 

” Harland and Robertson, J. Chem, Soc.^ 1939, 937. 

Cocker, J. Chem. Soc., 1946, 36. 

^ Soloveva and Preobrazhenstii, J. Gen. Chem. TJJSSJi., 15, 60 (1945) [C.A., 40, 1S20 
(1946)]. 

“ Nguyen-Hoan and Buu-Hoi, Compt. rend., 224, 1‘>^ (1947). 
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succinoylated products in good j'ields,**'”'**'** as have also the dimethyl 
ethers of the three dihydrSc phenols, *^*^**'**’” the trimethyl ether of 
pj-rogallol,**-”-” and hydroxyhj’droquinone.*® 1,5- and 2,6-Dimethoxj’- 
naphthalene react smoothly with succinic anhydride with the formation 
of the corresponding dimetho.'^-^naphthoylpropionic acids.*^'” Free 
phenols, such as phenol itsdf,**-*^® the cresols,** resorcinol,*' and or- 
cinol,” are succinoylated only under more drastic conditions at elevated 
temperatures, and mixtures are often obtained. The failure of guaiacol 
and the monomethyl ether of hj’droquinone to undergo reaction has 
already been mentioned,** as has also the partial demcthylation of methyl 
ethers wliich are sometimes split by aluminum chloride. Diphenyl 
ether and diphenyl sulfide *** afford the corresponding acids in 

almost quantitative yields. 

Heterocyclic Compounds. Tluophene,*'dimethylthiophene,*^benzo-** 
and dibenzo-thiophene,*^ and thiochroman are sulfur-containing 
heterocyclic compounds that have been condensed with succinic an- 
hydride. Diphenylene oxide »*•*»»« reacts aith succinic anbyiide as 
e.xpected, but carbazole and its N*roethyl derivative react with two 
moles of the anlij'dride; the mono acid has not been isolated.*”'*'** 
N-Acetylphcnotliiazine, however, yields a mono acid on succmoylation.**’ 


Ruilcica and tValdinann. /W». dim Arta, 15, 907 ()932>. 

“ Bafhmann and Holmes, /. Am. Ckm. Sac., M, 2752 (IWO). 

*• Bachmacn and Morin, J. Am Chrm Sac.. SS, 553 (19+4). 

** Hill, Short, and Iligg'ohottom, J Chem. Sac , 1936, 317. 

**• Barhmann and Horton, J. Am. Chem. Sac.. 69, 5S (10+7). 

“ Short, Stromborg, and Wilw, J. Clum. Sac , 1936, 319. 

" D«oi and Wall, /. Unit. Damhav. *. Pt. 2. 73 (1930 IC-4., 31, 5038 (1037)1. 

Fieser and Ileribcrg, Ar». CArm. Soe. 68, 23S2 (1930). ,• -t-o 

“naval, Bokit, and Nargund, J. Bombay. 7. Pt. 3. 1S+ (I93S) {Cut., 33. 3779 

(1939)1. 

“ Fiescr. Gatrs, and Kilmor. J. Am. Ctam. Sac.ez. 2963 09+0)- 
“ Dosai and Shroff, J. Unia. Bombay. 10. Pt- 3. 07 (lO+U (C-rl., 36. 3i 95 (19*-)J 
" Kipper, Drr., 33, 2490 (1905). 

” lUce. J. Am. Chrm. Sac., 48, 269 (1926). 

" IIuang-Minlon, J. Am. CArtn Sac.. 65, 24ST (1946). 

Fieser, Moser, and Paulshock. unpublished results. 

“Fieser and Kenelly. J. Am Chfm.Sae.*7. 1611 
“Steinlopf, PouI«on, and Ilerdey. Abu. 536. 123 (1938). 

“ Buu-Uoi and Cagniant, Ber., 76. 1269 (1943). 

" Gilman and Jaeoby. J. Org. Chem.. 3. ICS (I93S). 

" Cagniant and Delursrche, CempC. nnd., 323. 101- (1946 . obtained 

" Maj'er and Krieger. Bar . 85. 1659 (1922) The f ^ ^ 

im .nbvH.TH. and UtraJodrodiphenjlene oxide, but they gii,-e no details. 


Mo.vitt‘ig a^d Robmwn, J. A.X CW. Soe .87. «« (19«>. 

Gilman, Parker. B.aOie. and Brown. J. Am. Ciem. Sac.. 61, 2S36 (1939). 
Mitchell and Plant. /. CAem. Sac., 3936, 1293. 

'“RejnowsU and Susiko, AreA. CArm. i Farm. ITorwi 

^’”ai',»lj-flUrfemst. and Webb. /. Am. Ctem. Sac.. 63. 2673 (1W6). 


135 (1937) (CAem. Zenir. 
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Orientation of Entering Groups 

The position at which substitution occins in the 
determined bv the group already present and can be preicted from the 
rules governing aromatic substitution. The course of the reaction 
however, appears to be subject to some rieric hindrance, as 
true with Friedel and Crafts reactions. Succmic anhydride relatively 
large and avoids in most instances the ortho position; J^^nce reaction 
occurs at the para position if possible. Otherwise ortho ^bstitufaon 
occurs without great difficulty. Thus only the para isomer is fo™ m 
the succinoylation of toluene or ethylbenzene,-^*’ which m ot 
substitution reactions are invariably attacked in both the ortho an^ 
vara positions. On the other hand, p-xj-lene and mesitylene are nec&=- 
sarily substituted ortho to a methyl group.” ** The halogenated benzenes 
likewise are only attacked in the para positions.*^- The succinoyla- 
tion of phenols is e.xceptional in that ortho substitution predominates. 
Whereas anisole, phenetole,*-'*'** and higher alkyl ethers of phend are 
substituted exclusively in the position para to the alkoxj'l group, pheno 
and succinic anhj’dride furnish a mixture of ortho and para isomers m 
which the ortho predominates.*®-*^** 

Two isomeric acids are also formed in the reaction of succinic amy- 
dride with o- and ni-cresol, but p-cresol is attacked only in the position 
oriho to the hj-droxyl group.*® When the methyl ethers of the cr^o 
are employed as starting materials, the anhydride alwaj’S attaches itse 
to the position that corresponds to the stronger directing influences o 
the methoxyl group.*^** This is also true for higher alkylated derivativ^ 
of anisole, such as compounds II and IH, which are always substitut^ 
para to the methoxyl group.**-** o-Chlorotoluene is succinoj-lated m 


CHj 


CHjO, 



C-Hs 

n 


\ 


CH3 / 

CHCCHi). 

m 


the para position to the chlorine atom.^* Although few disubstituted 
derivatives of the above tj-pe have been investigated, succinoj'lations 
may always be expected to follow the course of the Friedel and Crafts 
acylation, possiblj* with stiU more stress on unhindered positions, h 
additional isomers of the above compounds are formed, the amoimt= 
are so small that they have escaped detection. 

Diphenyl ether and diphenj'l sulfide are succinoylated in almoji- 
quantitative j-ields in the para positions,*' **•**• '^ and onlj' the formation 
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of one isomer is reported in the reactions with biphenyl, tst diphenyl- 
methane,^** and phenylcyciohexane,**** 4-Methoxj'biphenyl, hotvever, 
furnishes both the 4' and the 3 deriratives.‘“ 

In the snceinoylation of polTTmcIcar hydrocarbons two isomeric acids 
are often produced, but separation can usually be effected quite easily. 
Naphthalene is substituted in both the 1- (3G%) and 2- (47%) positions, 
and the isomers can readily be separated bj' virtue of the greater solu- 
bility of the 1-acid.*-** Anthracene also affords two isomeric acids, but 
the 1-acid is formed to a much smaller e-vtent,** Phenanthrene forms 
predominantly the 3-acid, nith a small amount of the 2-30^.***= Tlie 
isolation of the predominant acid from both anthracene and phemin- 
threne offers no difficulties. The reaction betneen pj-rene and succmio 
anhydride results in the formation of the 1-acid in almost quantitative 
yield,****-** and chrysene yields predominantly the 2-acid with a small 
amount of an isomk**” ' Partially hjdrogcnatcd aromatie compounds 
are often employed as starting materiaU to avoid poljaubstitution or to 
effect substitution in a position different from the one attacked m the 
parent hj-drocarbon. In addition, the yields with the.o! compounds are 
gencrallj- higher than n-ith the fully aromatic ctnnpooads For mstance, 
tetralin is substituted c.vciusivciy in the 2-pontion, - n hcrcas naphtha- 
lene 5-ieIds a mLvture of the 1- and 2-acids.***“ Pe cue is 
in position 3 in 53.5% jieWl dilij-drorctcnc affords tbe^cid ■“ 
5-ield.«** Hydrogenated phenanihrene demntivcs have been emploj;^ 
quite mctensivcly. and dehydrogenation t<> < “1 “lly- 
offers no difficulties. The formulas on page 210 illustrate th^diffir^ 
points of attack on the hydrogenattd phcnanlh^e nucleu,.»*..» 
Pj-rene and hetahydropyrone am likcwue suhstitutrd in two d^eront 
position,.** Hvdrindcne and fluoicue jacld only one 
product: ***> but two acids arc obtained from aronaphthenc, pr^om^ 
inaatly Ihe 3-acid, which can ca-sily be obtained m .1 verj- Pn™ *tate 
Wen the naphthalene ring is suMduM an affijl or a metho^l 
group, only one acid is usually i-rolatcd 1-M.thyl- imd l-eth 1-napldlm- 
lene lie substituted caclusivcly in the 4-po,ition,«** while -moth) I 


C„k U.J II.U,.v»l, A .*Uc. 

‘"’iSW.SJtcl.h.olwen'"”''”''^ ™ * IfauK n™ rod -Mr-nic A 
CTLon. iitf.. 60. 1321 {1S«^>* 

63. 1293 (IMOl. 



240 


OEGA^^C EEACnOXS 




* A 

t 1 

i 



FIUEDEL AND CRAFTS REACTION 


naphthalene, and in general 2 -aU 7 lnaphthaIenes, react predominantly, 
but not exclusively, in position Only one acid is formed 

in reactions with succinic aohj-dride and 2,3-dimethy]- •‘*and 2,7-di- 
metfaji-naphthalene.” "WTien methotyl groups are situated in positions 
1 or 2 of the naphthalene ring, the anhydride attaches itself predomi- 


R(OR) 



nantly to positions 4 or 6 (the latter in nitrobenzene solution) just as 
it does in the methylnaphthalenes, **•**•"•“ and only one isomer is formed 
from 1,5- and 2,6-dimetho:^'naphthaIene.**'*^ The stronger directive 
influence of the methoxji group is borne out in the succinoylations of 
l-methoxj’-7-methyl-,*^ l>meth3'I-2-metho^-,*^and 2-meth3i-6-metho:^’’- 
naphthalene,*'* which are all substituted in the positions corresponding 
to the stronger influence of the methoxj'l group. S-Methylphenanthrene 
yields only the ^acid on treatment with succinic anbj'dride,” but the 



4-inethyIphenanthreno affords a small amount of the 1-lsomer in addi- 
tion to the S-acid.** The few heterocyclic compounds that ha\’e been 
succinoylated are substituted in the expected positions. 

Often the solvent or the reaction temperature affects the position of 
substitution or the ratio of isomers. ^Vhen nitrobenzene is used as 
solvent, positions that are ordinarily subject to steric inhibition arc 
usuallj' avoided. This may be due to the formation of a bulky complex 
of nitrobenzene, aluminum chloride, and the anhydride, which finds an 
easier reaction path in a less blocked position.^^ Bromination, nitration, 

“ Haworth, I.etflty, and Mavin. J. Chem. Soc^ 2932, 1784, 

“* Baefunann, Cronj-n, and SJrnv*. J. Org. 12, 596 (IW7). 

The G-acid is probably the easiest to isolate. Orentt and Bogert, J. Am. Chem, Soc,, 
63. 127 (1941), isolated S6% of the 6-aad and 3S% of the more soluble S-arid from the 
reaction between 2-meth} Inaphthalene and succinic anhydride. A mixture from which 
only the 6-acid was isolated in pure form is also obtained from 3-isopropjInaphthslene 
(ref. 112). 

Haworth and Bolam, /. Chem, Soc,, 1933 , 2343. 

“•Roj-er, Ann. cAim., 112J, I, 395 (1946); Royer and Buu-IIoi. Comvt. rend , iOH, 746 
(1946). 

“’jFieser, ChemitirT/ of Natured Product* R^oUdtoPhenanthrene, 2nd ed.. p. 74. Reinhold 
PubUahiQg Corp., New York, 1937. 
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and other reactions .dth naphthalene take place in the 
n-hereas succinoTlation of naphthalene in nitrobenzene solution 
appreciable amounts of the 2-Lmmer. Ace^lation t^'es p^e m the 2- 
position -prhen nitrobenzene is employed as solvent, but predomm y 
L the 1-position in carbon disulfide, ivhich does not form a complfc^ 
Tritb aluminum chloride. The predominant formation of the 6-isomer m 
succinoylations of 2-alk>-lnaphthalenes appears to occur for the s^e 
reasons 2 -Arethox 3 -naphthalene affords 9 parts of the 6-acid and 
part of the 1-acid ivhen the reaction is conducted in mtroWene. 
One group of workers has reported the formation of the 1-acid - wUm 
carbon disulfide is used as solvent, ^hile another group has reportea 
the formation of the S-acid.«-' Benzene as a solvent is shnfiar to carton 
disulfide and unlike nitrobenzene. Two different acids are obtameU m 
the succinovlation of chrysene, depending upon the solvent (mtr^ 
benzene or benzene).^’-^ The use of higher temperatures mcreases tlie 
amount of the isomer that is produced to the smaller nrtent at Ion- 
temperatures, as is always true in aromatic substitution reactio^- 
\cenaphthene rtelds 87% of the 3-acid and 5% of the 1-acid ’ 

but at higher temperature more of the 1-acid is formed and the products 
become more diEcult to purify 


Substituted Succinic Anhydrides 

The reaction between an aromatic compound and a monosubstitULed 
succinic anhydride can proceed in two directions and result in the fori^- 
tion of two isomeric acids. Thus benzene and methylsuccinic anhydnde 
can furnish a-methyl-^benzoylpropionic acid (iV) and ^methyl-i?- 
benzovlpropioiuc acid Ol- Although many investigators isolated only 


CsHe ■ 


CHiCO „ 

. I nq CeHjCOCHiCHCO:H CeHsCOCHCHiCOiH 

CH-CO 1 i 

I CHs CHs 

CSa _ 


the a-methyl acid (riOi''"" both isomers are actually produced.^ 
The ^methyl acid is more difficult to isolate because it is formed to a 

Thorsas. ArJ:yircr^ CfJoride in Orgnr.ic C7.«n«try, pp. 271-272, Reaio.d 

PublAHps CoTp„ XcTsr YoTk. 1941. 

^ Fieser. Org. 20, 1 (1940). 

= Elobb, BuK. c^.irn. Frcr^. i3} 23, 511 CISOO). 

Opr^pbcbn, B-t., 34, 4227 (1901). 

=5 M3\-er Sti=!. Bcr^ 55, 1424 (1923J. 
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much smaller extent and 13 more soluble. The reaction between methyl- 
succinic anhydride and toluene also produces both possible isomers.** 

Naphthalene and mcthylsucciuic anhydride react to form two acids 
in which the acid chains are attached to the 1- and 2-posithns of the 
naphthalene ring, respectively. Both acids correspond to tj^p© IV, with 
the methyl group farthest removed from the carbonyl group.* The 
formation of the two other isomers (typo V) is not reported. The 
preferential formation of the isomer in which the methyl group is directed 
away from the aromatic ring appears to be the rule \\-ith polynuclear 
hydrocarbons. Phenanthrene yields two acids of tj-pe IV mth methyl- 
succinic anhydride through substitution in positions 2 and 3.‘* The 1- 
and 2-methylnaphthalenes are substituted in positions 4 and 6, respec- 
tively, •**•**• to form two acids, which also belong to the o-methyl type 
(IV). "^lien pjTene is condensed with methylsuccinic anhydride, the 
same tj’pe acid is obtained.*^-*** It is possible that a very small amount 
of the other isomer (type V) is formed, but for all practical purposes 
polimuclcar hydrocarbons and methylsuccinic anhydride produce only 
the corresponding ot-methyl-^-aroylpropionic acids. 

Substituted n-methyl-^-aroylpropionic acids IV) arc also formed 
predominantly in the reaction between methylsuccinic anhydride and 
phenolic ethers or phenols. Anisole forms exclusively ee-methyl-j3- 
anisoylpropionic acid,** and the three crcsol methyl ethers are also 
reported to yield only the «-methyl acids.** Verotrole, howe\'er, reacts 
with methylsuccinic anhydride to form both the o-Encthyl and /S-methyl 
acids. Small amounts of the isomeric ^methj’l-/J-aroyIpropionic 
acids are also formed in the metbylsucciaoylatioa of resorcinol di- 
methyl ether and pjTOgallol trimethyl ether, but the main product in 
both reactions is the o-acid.*” Anisole has been condensed with mono- 
substituted succinic anhydrides in which the alkyl substituents varied 
from methyl to n-hexadecyl; only’ the «-alkyl-^ben 2 oylpropionic acid 
(type IV) was isolated.*” Phenol is substituted in the 2-position, and 
the methyl group is again rituated away from the benzene ring.*^* 

“ Cook and H»dewood, J. C/tem. Soe^ »»4. 428. 

^ Haworth, Mavin, and Sheldrict, Cirwu Aoe.. 1934, 4S4, 

Bacluaaim and Carmack, /. Am. Ciem. Soc., SS. 24M (IWl). Sea also Fieaer and 
llershberg, J. Am. Chem. Soe., €0, 165S (193S), regarding tha structure of this acid. 

“ Mittcr and Da, J. Indian Chtm. Soe., 16, 199 (1939), 

Bhatt and Nargund, J. Vnh. Bombay. 11, Ft. 3. 131 (1942) (Cwl, 37, 2000 (1&43)J. 

" Borsche and Niemann, Ann., S03, 264 (1933). 

“• nobertson and Water. J. Chem. Soe, 1933, 83. 

•“ Mehta. Bokil, and Nargund. J. Unit. Bombay. 12A. Ft. 3. 64 (1M3) (C.A., 88, 232S 
(1944)]. 
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OCH 3 

CH2CO 

+ 1 > 

RCH-CO _ ^ 

COCH2CHCO2H 

i 

R 

With phenylsuccinic anhydride or substituted phenylsuccinic an 
hydrides the ratio of isomeric a-phenyl and ^-phenyl acids depen s on 
the solvent. In the reaction between phenylsuccinic anhydnde ana 
benzene only ^-phenyl-/3-benzoylpropionic acid (VII) was isolate a 
first, but it was later shown that both acids (VI and VII) are^ i^n 
in almost equal amounts when excess benzene is used as solvent.'® ^ en 
the reaction is carried out in nitrobenzene, 89% of the a-phenyl acid (. ) 


CsHg + C6H5COCH2CHCO2H + CgHgCOCHCHsCOzH 

CH-CO 1 1 „ 

1 CgHs CgHb 


CeHs 


VI 


VII 


is produced and only 11% of the isomer." With toluene u^ead 0 
benzene as reactant and diluent the acid corresponding to VII is formed 
to the extent of 77%, but in nitrobenzene solution the amoimts are 
reversed and an 83% yield of o;-phenyl-/3-p-toluoylpropionic acid (tjT® 
VI) is obtained. The effect of nitrobenzene on the ratio of isomeric acids 
formed when differently substituted phenylsuccinic anhydrides are con- 
densed with benzene or toluene has been studied extensively with the 
results shown in Table I." Depending on the nature of the substituent 
in the p-position of the phenyl group, nitrobenzene seems to favor 
preferential formation of one isomer (see p. 233). The large amounts 
of acids of tjqie VII obtained in some reactions seem to exclude stenc 
hindrance as a factor determining the direction in which fission of the 
monosubstituted succinic anhj’^dride occurs. 

Mixtures of the two acids corresponding to VT and VII are also ob- 
tained when 0 - or m-cresjd methyl ether is condensed with o-methox}’’- 
phenylsuccinic anhydride,"^ whereas p-methoxyphenylsuccinic anhy- 
dride forms only the a-isomer with the same two ethers.'®® The latter 
anhydride also forms only one isomer with the dimethyl ethers of the 


^ Anschutz, Hahn, and Walter, Ann., 364, 160 (1907). 

^ Mehta, Bokil, and Nargond, Univ. Bombau, 10, Pt, 6, 137 (1942) \C,A.t 37, 0 


( 19 - 13 )). 

Dalai, Bokil, and Nargund, J, TJniv, Bombay, 8, Pt. 3, 190 (1939) [C.A., 34, 2S 


(1940)1. 
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TABLE I 

REACTTON EETWEEV SCBSTllL'ILD PHENTIOTOCISIC ANTTTDRIDES and BEXrESE 
OR Tomtene 


Substituent 
in Succinic 
Anhydrido 
Phenyl 

p-Nitrophenyl 

p-McthoTyphenyl 

p-Ch!oroplicnyl 

Phenyl 

p-Nifrophcnyl 

p-Methoxyphenyl 


Phenyl 

|)-Nifrephenyl 

^MethoTj’phcQyl 

^Chlorephenyl 

Pheayl 

p-NltrojAenyl 

p*Methoxypbcnyl 


A. n*ititcu( a Solvent 



Tield 

Ajwnatic 

<r-Acid 

iS-Add 

Compound 

% 

% 

Benzene 

4S 

62 

Benzene 

45 

55 

Benzene 

Predominant 


Benzene 

46 

51 

Toluene 

23 

77 

Toluene 

33 

SO 

Toluene 

S2 

18 

B. KilrolfnteneoaSolpent 


Benzene 

SO 

11 

Beniene 

5 

85 

Benzene 

Preilominast 


Benzene 


Predominao 

Toluene 

$3 

17 

Toluene 

33 

67 

Toluene 

PredominAst 



three dihydric phenols.*** Only the «-lsomer Is formed in the condensa- 
tion of veratrole trith phenylsucdnic Anhydride,*** but bipben}'! reacts 
with phenyUticcinic ai^ydride with the formation of the ^cid as the 
principal reaction product.*** 

Unsiinmetrically substituted succinic anhydrides having two sub- 
stituents on the same carbon atom, sucb as «,<wlimethyl' or o,a-diethyI- 
succinic anhydride, inrariably react so as to form the ofiOt-dialkjd-jS- 
aroyJpropionic acid as the sole product. T2us has been demozistratcd in 


R 



R 


“* SavlcM. Botil. and NuTgund. J. Unit. Bombav^ 8, Pt. 3. 19S (1939) [Cwl.. 34, 2SS0 
(ISHO)I. Guaiacol and h>-c!roquinone monomrtb>l ether do not rract with p-methois'- 
phenjkuccinio anhj-dride. For the failure of these rompoutnU to react with succinio 
aubj-dride see ref. 22. p-MethoxypIt'hJ '*’*'*“*’* anh>-dride was at first reported cot to 
react ^*ery amootUy with eeratrole. See BoWittoa end Walher, J, CAcm, Soc., 1935, 1530, 
“ Robinson and Young, J. CAce*. iSot. J93S, 141L 
“ IVice end Tonusefc, J. ,4iru CKem. Soo^ «, 439 (1943). 
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. 1 -•■1 -T 14. 15, IS. 127, ISS 

flip reaction of ct.a-diinetliylsuccinic anhydride -mth benzene, _ 
toluene naphthalene,^^ a-methylnaphthalene,^’^ and hydrindene - an 
Sri the coLnsation of a,a-diethyhuecinic anhydride with benzene.- 
With naphthalene two acids are produced (1- and 2-position), bu ' 
of the anhvdride alwaj-s occurs in such a way that the ffem-dm ^ 
i= farthest'away from the aromatic ring.- The same gene^tion aL 
holds for the reaction between benzene or naphthalene and ^me . 
ethylsuccinic anhydride.- Certain more complex anhydrides, such 



CHsCH; 


/ 

\ 

-CO 

CH; 

C 

\ 

/! 

>o 

CH.CH 

- CHi— CO 


IX 


COCH-CCOjH 

CE- CH» 

1 i 

CHi CHi 


as ITU and IX, which can be considered unsymmetrically substitut^ 
succinic anhj-drides, have been condensed with benzene, 
benzene, hvdrmdene, naphthalene, and methylnaphthalene. 

All the aci^ obtained are of type X, with the cj-clic substituent awaj 

from the aromatic ring. _ 

The reactions between a,.e.dimethylsuccinic anhydride and benzene, 
and a.^-diethylsuccmic anhydride and anisole,— give the corr«pon ^ 
ing a.S-dialkylaroylpropionic acids in 86% and 91% yield, respective } ■ 
The formation of stereoisomers has not been observed; cf-s- and tran^ 
dimethylsuccinic anhydride yield the same acid when condens^ with 
veratrole.— In the reaction between trimethylsuccinic anhydride an 
benzene, a,a,.6-trimethylbeiizoj'lpropionic acid is obtained in g 
vield,^ but tetramethylsuccinic anhydride cannot be used in the prepa- 
ration of keto acids.*^ Carbon monoxide is evolved during the reaction, 
and the product obtained is in all probability or, ct,. 6, ^tetramethyl-H- 
phenylpropionic acid (XI). Tetramethylsuccinic anhs-dride reacts 


^ Clemo and JMciensoru -T. Chen, Soc,, 1937, 255. 

13 J. p-cki, Ctj^ m 151, S2 (195S). 

Seingiipta, J, jyrckt. Cheru, [2; 152, 9 (1939). 

Barber and Clerao, J. Cherx. Soc., 1940, 1277. 

S3n^p*.a, J. IrAien Om. Soc,, 16, 349 (1939). ^ 

2= Se::S-'^-.a, J. Irjiian Crjcm. Soc^ 17. 101 (1940); CtirrerJl Sci^ 5, 295 (1930) [C— 
31, 25S7 (1930]. 

J, IrAinn C}.en, Soa, 17, iS3 (1940); Science crji CvUiiret 3, oo ( - 
31, 7505 (1937)]. 

Baber, J. An, Soc,, 65, 1572 (1943). 

ic Ha-xortb and Mara, J, Chen, Soc,^ 1932, 1455. 
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similarly with toluene. Reactions rrith loss of carbon monaTido are 
general with anhydrides of tertiary carbo:^'!ic acids.**"-’” 


tcn,),o-co 
Cell. + I >0 - 
(cn,),c>-co 


CeHeO CCOjH 

I I 

CH, CH» 


Glutaric Anhydride and Substituted Glutaric Anhydrides 

Only a few reactions between glutaric anhydride and an aromatic 
compound have been carried out. The products are 7 -aroylbutyric 
acids, but the formation of a small amount of the corresponding diketone 
(ArCOCIIaCHnCH^COAr) lias been obseiwed in at least two reac- 
tions.”*' ”* The formation of diketones may be found to be more general 
if the reaction with glutaric anhydride is studied in more detail. From 



CIIjCO 
/ \ 

-I- CHi 0 

\ / 


CIIiCO 


^j^^COCBiCH.OHiCOiH 


the scanty data that arc available the jncld in the reaction between 
glutaric anhydride and an aromatic compound appears to be lower than 
in the corresponding reaction with succinic anhydride. The reaction 
between glutaric anhydride and aceoaphthene in nitrobenrene solution 
is described as particularly poor, by contrast with the condensation with 
succinic anhydride.” Benzene,'^”* toluene,”’ anisole,”-’*^”’ phene- 
tole,”"-”* chlorobenzene,” veratrole,*** thiophene,’” tetralin,’® pjTogallol 
trimethyl ether,’” and aeenaphthene ” have been con\'erted into the 
respective 7 -aroylbutjTic acids. The point of attack on the aromatic 
ring is the same as ivith the lower homolog. 

Some ft^-dialkylglutaric anhydrides have been successfully condensed 
with benzene, but jS-phenylglutaric anhj-dride did not react in the ex- 


’** Lftughlin and Whitmore, /. Am. Cftewi. -Sec.. 64, 4.63 (1032). 
’V Whitmore and Crooks, J. Am. Chfvt. Soe.. 60. 2078 (1938). 
“"Borsche and Sum, Ann., 638, 2S3 (1939). 

“* Carter, Simonsen, and Williams, J. Chem Soc^ 1940, 451. 

Plant and Tomlinson, J. Chtm, Soe., 193% S50. 

“* van del Zanden, Ret. fro*, chirn., 63, M2 (1933). 
van der Zanden, Rte. trot, chim . 68. 181 (1939). 

Haworth and Atkinson, J, CSm. Soe , 1936. 797. 

’** Caeniant and Deivtxarehe, Compl. rend.. 939 , 1301 (IMO. 

*** Haworth, Moore, and Pauson, J. Chem. Soe., 1913, 1045. 
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the reaction of a,a-dimethylsuccimc anh^-dride with benzene,’’-’'-*®-’”'’^ 
toluene,’^ naphthalene/^ a-methylnaphthalene,*” and h 3 'drindenc ^ and 
also in the condensation of a,a-diethylsuccinic anhj-dride with benzene.^ 
With naphthalene two acids are produced (1- and 2-position), but fission 
of the anhj’dride alwaj's occurs in such a waj' that the gem-dialkj'l group 
is farthest awaj' from the aromatic ringd^ The same generalization also 
holds for the reaction between benzene or naphthalene and a-methj'l-a- 
eth}’]£uccinic anhj’dride.'”-'*’ Certain more comple? anhj'drides, such 


CH.CH: 

\ 

C CO 

/I 

CHiCHi CHi— CO 


>0 


xm 


CH^CHs 

/ \ 

CH- C CO 

\ /i >0 

CHsCH: CHz— CO 
nc 


nCOCHjCCO-H 

/ \ 

CH- CH- 

CHs CHs 


as ATII and IX, which can be considered uns\Tnmetricall 3 ' substituted 
succinic anhj'drides, have been condensed with benzene, toluene, ethyl- 
benzene, hj-drindene, naphthalene, and methj'lnaphthalene.’'''' 

AH the acids obtained are of tj^pe X, with the cyclic substituent awaj* 
from the aromatic ring. 

The reactions between a,^<iimethj*lsuccinic anhydride and benzene,^* 
and a.^-diethj'lsuccinic anhj'diide and anisole,’^ give the correspond- 
ing ajiS-dialkjdaroj'lpropiomc acids in 86% and 91% jield, respectivel}'- 
The formation of stereoisomers has not been observed; cis- and trans- 
dimethj'lsuccinic anhj'dride jdeld the same acid when condensed with 
veratrole.*^ In the reaction between trimethylsuccinic anhv'dride and 
benzene, a,a,^trimethj'Ibenzo\'lpropionic acid is obtained in good 
yield,^ but tetrameth 3 -lsuccinic anh 3 'dride cannot be used in the prepa- 
ration of keto acids.^* Carbon monoxide is evolved during the reaction, 
and the product obtained is in all probability a,a,l 3 .^tetrameth 3 d-^ 
phenylpropionic acid (XI). Tetramethylsuccinic anhydride reacts 

^ Clemo and Dicienson, J. Chem. Soc., 1937, 255. 

Sengnpta, J. ■praii. Ch^m., [2] 151, S2 (1935). 

“ Seagupta, J. jrali. [2] 152, 9 (1939). 

Barker and Clemo, J. CheTju Soc^ 1940, 1277. 

Sengupta, J. Indian C7«?m. 16, Si9 (19.39). 

'“Seagupta, J. Indian Clem. Soa, 17, 101 (1940); Currenl Sci., 5, 295 (1935) 

31, 25S7 (1937)]. 

'“Seagupta, J, Indian Cham. Soc., 17, lS-3 (1940); Science and Culture, 3, 55 (1937) 
IC.a., 31, 7S5S (1937)1. 

'« Baker, J. Am. Chern. Soc., 65, 1572 (1943). 

Ha-a-ortli and ila-rin, J. Cl,em. Soc., 1932, 14S5. 
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similarly with toluene. Reactions with l<ws of carbon monoxide are 
general mth anhydrides of tertiary carboxjdic acids.***''*’ 


CHi cn, 

(Cn,),C-CO ijcu i 1 

C,He + I >0 » C«HjC CCOjII 

(CII,),G— CO I I 

CII, CHj 


Glutaric Anhydride and Substituted Glutaric Anhydrides 

Only a few reactions between glutaric anhydride and an aromatic 
compound have been carried out. The products are -y-aroylbutyric 
acids, but the formation of a smalt amount of the corresponding diketone 
(ArCOCIIjCIIjCHjCOAr) has been obscr\-ed in at least two reac- 
tions.'**- '** Tlie formation of dikctoncs may be found to be more general 
if the reaction with glutaric anhydride is studied m more detail. From 



cn,co 

\ / 

CHjCO 




the scanty data that are a\'ailable the yield in the reaction between 
glutaric anhj'dride and an aromatic compoimd appears to he lower than 
in the corresponding reaction with succinic anhydride. The reaction 
betn-een glutaric anhj'dride and acenapbtbene in nitrobenrcne solution 
is described as particularly poor, by contrast with the condensation with 
succinic anhydride.** Benzene,'^'** toluene,'*’ anisole,**- "*■**' phene- 
tolc, '**■'“ chlorobenzene,” veratrol©,*** thiophene,'** tetralin,** pyrogallol 
trimethyl ether,'** and acenaphthene** have been converted into the 
respective 7-aroylbut3Tjc acids. The point of attack on the aromatic 
ring is the same as with the lower homolog. 

Some ft^-dialkylglutaric anhydrides have been successfully condensed 
with benzene, but ^-phenylglutaric anhydride did not react in the ex- 

'** Lftughlin Sind WWtmore. /. Am. Chem. Soe., B4, 4462 (1632). 

**’ Whitmore eind Crooks, J. Am. Chem. See., 60, 2078 (193.?). 

■*> Borsche and Smn, Ann., 633, 2S3 (1939). 

'** Carter, Simonsen, and Williams, /. Chrm. Sec., 1940, 431. 

Plant, and TotnUnaon, J. Chem. See , 193S, 856. 

*“ van der Zanden, Ree. trav. cAim., 61, 242 (193S). 

>** van der Zonden, Ree. Irat. ehim . SS, ISl (1939). 

Haworth and Atkinson. J. ChfTn. See.. 1938. 797. 

**• Cngniant and Delusarche, Cempt. rend., 322, 1301 (1946). 

Haworth, Moore, and Pauson. J. Chem, See . 294S, IMS. 
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pected manner; instead it formed ketoh3'drindene-3-acetic acid by an 
internal condensation.’^*^ Camphoric anhj'dride, which can be con- 
sidered to be a completeh' alk 3 -lated glutaric anhj'dride like tetramethj'I- 
Euccinic anh^-dride, loses carbon monoxide when treated ^vith aluminum 
chloride.’^' However, camphoric anhj'dride vith toluene or 
anisole j'ields the corresponding aroj’lcamphoric acid (XII or X_IiI). 





CH-CHj .CH.CQ ^CHiCHj /CHiCO 

1 >< > o^r >0 

CHiCH. ^CH.CO ^CHiCHs CHjCO 

xrr XT 

The disubstituted glutaric anhj'drides XIA' and XV, on treatment with 
benzene or toluene in the presence of alumimun chloride, furnish the 
expected acids.“ 


Polymeric Anhydrides of Higher Dibasic Adds 

The poljmeric anhydrides of adipic and sebacic acid can be employed 
in the Friedel and Crafts sjaithesis of keto acids.’^ TVith benzene as 
reactant and solvent, o.'-benzoylvaleric and t'-benzoylpelaigom’c acid 
are obtained in 75 and 78% yields, respectively. The reaction does not 
yield an aroylaliphatic acid exclusively but follows the course outlined 
in the equation to furnish dibasic acid and diketone as well. The yields 

CcHs -f [—CO(CH:)r.CO!—h I CeHsCOCCH-lnCO-H -f 

f CjH=C0(CHi)r.C0CeH5 -f f HO:C(CH-)r.CO^ 

^ Intemsl cycUzation of phenyletbyUuccinic aiibydride coold not be eeeoted. Bergs, 
Ber S3, 1294: (1930), bat benzyleuccinic anhydrides cyclize readfiy under the inCceace of 
ahizmnirm chloride rrith the fo rma rion of l-tetraione-3.^srboxyiic acids. Havrorth, 
Jones, and Waj*, J. Ch^m, Soc,, 1943, 10. 

^ Lees and PerHn, J. Chm. 79, 356 (1901). 

^ Pertin and Tates, J. Chm. Soc., 79, 1373 (1901). 

Burcter, BtiU. toe. chim. Frxince, 13] 4, 112 (1S90); [3] 13, 901 (1S95). 

^Eybnan, Charn. TTeeHJod, 4, 727 (1007) (Octi. Zmlr., 1907, H, 2046). 

Hm, J. Am. Cham. Soe., 54, 4105 (1932). 
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quoted are based on this equation. In the above reactions the yields of 
diketoncs are 85% and 86%, respcctivclj’. Although only a few examples 
have been recorded, this reaction should be applicable to many other 
aromatic compounds as well as to anh 3 -dridcs of other dibasic acids. 
Anisolc and phcnetole haTC been condensed with the pol 3 Tneric an- 
hydritle of adipic acid.‘“ nie reaction between thiophene and the 
poljTneric anhj'dridcs of adipic, suberic, arclaic, and sebacic acid results 
in tho formation of the respective thenoyl fatty acids in 3.8%, — %,'“ 
24.5%, and 8.3%yield.>M Yields of 0%, 29.8%, 27%, and 21.2% of the 
diketones were secured.*** All the yields arc based on the equation 
above. These jields are fairly low, and, in spite of the fact that the 
polymeric anhj’drides are easily prepared, the Friedel and Crafts reac- 
tion \vith the ester acid chlorides of the acids might often be preferable. 
(See Table II, p. 253.) 


Maleic Anhydride and Substituted Maleic Anhydrides 

The interest in ^-aroylaciyhc acids, obtained from maleic anhydride 
and an aromatic compound in the presence of aluminum chloride, has 
not been so great as that in the ^-aroylpropionic acids. Such interest 
as there has been has centered chiefly around the stereochemistry of the 
acids *»■*'» and the structure of the so<allcd “Pechmann dyes,” colored 
substances obtained when benzoylacrylic acids are heated with dehy- 
drating agents.*-*’-*” Benzoylacrylic acids have been utilized as starting 
materials in a synthesis of anthraquLnone derivatives.*” The reaction 
between aromatic compounds and maleic anhydride has generally given 
lower y-ielda and less pure products than the comparable reaction with 
succinic anhydride. Consequently many chemists have preferred to 
prepare the acry-lic acids by elimination of hydrogen bromide from the 


Plant and Tomlinson. J. Chem. 8oc., 1935. 1092. , , . 

“> Tho product resulting from tho reacHon of suberic uahydrida 


. not obtained in a 


- Xan and Travis. Proc. Wiuna 

’“BensoylacryUo acid, obtained by Ibo general Bv 

iron, configuration as a result of an isomerUaUon blight about ^ 

analogy. tCsame configuration might bo ospected fte rS 

condensed tvith aromatic compounds. Hoe-over. 

acid with benrene and mesitjlene; and dimethylmalcic ~ 

bensene and bipbenjl. but the iron, acid with mositylene. 


Beo Lull and co-workers, 
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corresponding bromopropionic acids, which can be readily obtained y 
direct bromination of the propionic acids.^^-^^^” More careful study o 
the reaction between maleic anhydride and alkylated benzenes ‘ and 
certain phenolic ethers has led to purer products in better yield. ^ 
extension of these studies to reactions of maleic anhydride inth^otPer 
aromatic compounds has resulted in comparable improvements.!'®" 

A reasonably large number of aromatic compounds have been con- 
densed with maleic anhydride. Substitution occurs generally m the 
expected position with the formation of only one isomer. From the 
reaction between maleic anhydride and naphthalene two acids have been 
isolated (substitution in the 1- and the 2-positions).!!^ Anthracene, m 
contrast to its behavior on succinoylation, is reported to form the 
9-acid,™ but no proof of structure is given. The reaction between 
maleic anhydride and polynuclear hj’-drocarbons in nitrobenzene solu- 
tion has been reported to give particularly poor results, despite contrary 
flnims in the patent literature.^® Acenaphthene forms the correspond^ 
acid in only 32% yield, whereas in succinoylation a yield of about 85 /o 
is easUy secured. No product could be isolated when naphthalene was 


used with nitrobenzene as solvent. 

In the early investigations of the reaction between the alkylbenzenes 
and maleic anhydride, the alkylbenzenes were used both as reactan 
and solvent and the jdelds of pure products were very low.!!®-!“ More 
recent work has shown that alkylbenzenes can readily be condense^ 
with maleic anhydride in 60-70% jdelds in tetrachloroethane solution. 
Good jdelds are obtained in the reaction of maleic anhydride with t e 
cresol methj"! ethers, veratrole, and hydroquinone dimethjd ether ^ ® 
nitrobenzene is employed as the solvent.!®® Reaction in carbon dis^ 
gives lower yields. Diphenyl ether also reacts with maleic anhyiWde, 
as does anisole,!®!’!"® phenetole,'®-!'® and phenol itself.!®® Resorcinol 
methyl ether, however, forms the expected acid (XVI) only to a sma 
extent.!®® The main product of the reaction is a substituted succmic 
anhydride (XV 11) formed by addition of resorcinol dimethyl ether to 


Bougaxilt, Ann, chim., [8] 15, 49S (190S), 

^ Kohler and Engelbrecht, J. Am. Chem. Soc., 41, 764 (1919), 

Rice, J. Am. Chem. Soc., 45, 222 (1923). 

Rice, J. Am. Chem. Soc., 46, 214 (1924). __ 

Dave and Kargund, J, Univ. Bombay, 7, Ft. 3, 191 (193S) [C.A., 33, 3 / /9 (1 ) • 

nta Papa, Schrcenlc, ViUani, and Klingsberg, J. Am, Chem. Soc., 70, 3356 (194S). 
Bogert and Ritter, J. Am. Chem. Soc., 47, 526 (1925). 

Oddy, J. Am. Chem. Soc., 45, 2156 (1923). , 

^ Komiewsld and XIarchlewski, BvU. Acad. Sci. Cracmc, SI (1906) i^Chem. ZentT., 
n, 1189). 

Kozak, Bidl. Acad. Sci. Cracoic, 407 (1906) {Chem. Zenlr., 1907, 1, 1788). 

“ Rice, J. Am. Chem. Soc., 48, 269 (1926). 

Rice, J. Am. Chem. Soc., 53, 3153 (1931). 
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maleic anhydride. The anhydride paH) is partly hydrolyzed to the 
substituted succinic acid (XVIII). A fourth product is the acid XIX, 
formed by addition of the ether to the acrylic acid XVT. A simi?nr 


cocii=ciicojn 



addition has been obscn'cd with maleic anhydride and benzene in the 
presence ol excess aluminum chloride.*** The product, a-phenyl-/3- 

cnco 

^ ^ II \ AlCIj C»lTi 

CeH, + V) > C«ThCOCH«=CnCO,lI > CsHsCOCHiCnCOiH 


bcnzoylpropionic acid (XX), is also obtained when benzene is condensed 
mth ^-benzoylacrylic add in the presence of nJiuaiinum chloride. Tol- 
uene behaves similarly. 

The reaction with mcthylmalcic anhydride and benzene, like the 
corresponding reaction with methylsuccinic anhydride, was first reported 
to yield only one isomer.*-*” Actually both o-methyl- and (8-methyl- 
benzoylaciylic acid are formed.*”-*** TVo acids are also obtained from 

C»H»COCII— CCOiH + C»H»C0C=-CHC02H 

(!;H( 

the reaction between bromomaldc anhj-dride and benzene.*** Dimethyl- 
maleic anhydride has been successfully condensed -n-ith benzene,*** 
mesitylene,’®* biphenyl,”* and bromobenzene,*** while dibromomaleic 
anhydride has been condensed with benzene and mesit 3 'lene.'“ Maleic 
anhydride reacts with hydnxpunone, hj'droquinone methyl ethers, or 
their substituted derivatives in a sodium chloride-aluminum chloride 
Pumraerer and Buclita. Ber., 69, 1005 (lOSO- 

TJie stereochemical eonSgtiralioo cf the arida from methj-linaJeio anhydride and 
bcniene is not faion-n. However, with bromobeniene, instead of beniene. the resulting 
(S-methyl-^S-p-bromobenJoj lacrylio add has tbe cu configuration, whereas the o-methj 1.^ 
p-bromobenioylacrj-!io acid is h-nas. Boa ref. 167. 

“ Rice. /. Aw. Chem. Soe.. 68. SOM (IMOJ. 


V ^tl— CO 

Lc^- 
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melt at temperatures above 200° vritb the formation of naphtha' 
The reaction has been used extensively', but a detailed 
description is beyond the scope of this chapter. 


Other Synthetic Methods 

In addition to the synthesis from an aromatic hy-drocarbon, succinic 
anhydride or a substituted succinic anhy'dride, and aluminum chloride, 
)3-aroylpropionic acids can be prepared by' tvro other methods: the 
Grignard reaction betveen succinic anhydride or a substituted succinic 
anhydride and an aiy Im agnesium halide,^ and the stepvrise elaboration 
of the side chain in an alkyl aiy'l ketone. 

The first method suffers from the disadvantage that the yields are 
generally lov, although satisfactoiy y-ields have been obtained vith 
dimethylsuccinic anhydride.^ The advantage of this method is that 

CsHiM^r ■— CH;CO ^ 

i >0 > CeHsCOCHiCHiCOiH 

CHiCO 

the point of attachment of the side chain is determined by' the location 
of the halogen in the aryl halide; this permits the succinic acid side chain 
to be attached to positions that may not be available through the direct 
Friedel and Crafts synthesis. 

The second method usually starts rrith a methyl aryl ketone, vhich 
is brominated and then condensed vith sodium malonic ester. Hydrol- 
ysis and decarboxylation furnish the aroylpropionic acid. This method 
is obviously more laborious then the Friedel and Crafts reaction, but it 



has been used frequently where acetylation and succinoylation do not 
occur at the same position in an aromatic nucleus or for the proof of 
structme^of acids obtained by succinoylation. If an aryl ethyl ketone is 

2 : 2 ^ snd Ocb-?r 2 t, ann., 4€2, 72 (1025). 

^ Thonia=, CTioriAt ir. Chi'zr.ie pp. 5S1-5S2, Rciictd 

Pubiiiiiing Xer York, 3041. 

tVeicnsng, B’-rra-Borgmai:-, sgd EorgBra-n. J. Cf.m. Scc^ 1933, 1370: Weizgi3=a 
agd PirlSes. Proc. Poy. Lmdm. 20, 201 (1901); Kon:pp 3 . ar^d Robrraaaa, Ar.n^ 509, 
25-9 ( 3934 ). 

^ Fieser aad Diadt. J. Att. Chm. Sx^ 63, 752 (1941). 
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used, 0-metliyI~0-aroylpropi<Hiic acids (which are less accessible by direct 
succinoyJation) can be obtained. If metIi 5 'Imalomc ester is used, «- 
methyl-P-aroylpropionic acids can be prepared. 

TTie reaction between an aromatic hydrocarbon and siiccinoyl di- 
chloride or the ester acid chloride of succinic acid has been Used only in 
single instances for the preparation of ^aroylpropionic acids.**-**^ 
Hou'erer, the ester acid chlorides of the higher homologs of succinic acid 
seem superior to the corresponding politneric anhydrides for the sjm- 
thesis of {ij-aroylaliphatic acids such as XXI, where n > The 

COCl 

C.n. + (CH,). C,H.CO(CH.).CO,H 

byoroly^ 

CO»CtR» 

XXI 

ester acid chlorides are prepared easily, '*'*••** and the final products are 
obtained in much better jdelds and greater purity. The more direct 
preparation of the poljTneric anhydrides is offset by the fact that only 
one*half of the available anhydride is converted into the keto acid, which 

TAfiLE ll 

CourAMsoN or Estcr Acid Ciuoiudes with Acid Akhthfidesim the Prefasatiov 
or (.^Arotlauphatic Acids 
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makes the procedure less suitable for larger-scale preparations. For 
small-scale preparations, and -when one of the reactants, e.g., benzene, 
can be used as solvent, the quicker preparation through the polymeric 
anhs'drides has its advantages. Table II supports the statement that 
better jdelds are obtained with the ester acid chlorides than with the 
poljuneric anhydrides or "with glutaric anhj'dride. 

The same acids that are now accessible through the use of either the 
polymeric anhydrides or the ester acid chlorides were previously ob- 
tained only as by-products in the reaction of the aromatic compounds 
with the acid dichlorides or through stepwise elaboration of the 
side chain by standard procedures. 

The alternative method for the preparation of /3-benzo5"lacrjflic acids 
was mentioned earlier. This method starts with the /S-benzojdpropionic 
acids obtained from succinic anhj'dride and an aromatic compoimd. 



COCHiCHjCOjH 


Er 





COCHBrCHjCOjH 


—HEr 
> 


COCH=CHCOtB: 


Bromination, followed bj’ elimination of hydrobromic acid, usually 
gives the unsaturated acid in good yield, and many investigators have 
prepared /S-aroylacrj'lic acids by this method rather than by the Friedel 
and Crafts reaction with maleic anhydride.”' 


EXPERIMENTAL CORDITIORS 

The usual precautions of a Friedel and Crafts reaction must be ob- 
served, particularly with regard to the anhydrous conditions of catalyst 
and reactants.”® Solvents should be of good grade, and benzene should 
be sulfvu free. Finely' di^dded aluminxun chloride is preferable to coarsely 
groimd material (lumps), although very' finely powdered material may 
lead to too rapid a reaction, often imdesirable with sensitive compounds. 
When a solvent is used in which almninum chloride is soluble (nitro- 
benzene or tetrachloroethane), the particle size is not of too great 
unportance, but large lumps should always be avoided. 

The permissible variations in carrying out the reaction include the 
solvent, the temperature, the reaction time, and the order of addition 

“’Etaii. Ann. chin., [7] 9, 391 (1896). 

Borsche, Bcr., 62, 2079 (1919). 

“ Thomas, Anhydrom Aluminum Chloride in Organic Chemielry, pp. 8G7 ff., Eeiahold 
Publishiag Corp-i New York, 1941. 
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of reagents. Of these the dioice of the proper solvent is probably the 
most important, because this oftes determines the yield and the purity 
of the product and in some reactions also the point of substitution. The 
usual solvents are carbon disulfide, benzene, nitrobenzene, and sym- 
tetrachloroethane. If the compound to be substituted is readily arail- 
able and cheap, such as benzene or toluene, it can be used in excess as 
solvent. The use in e.tces3 of more highly substituted liquid alkyl- 
benzenes or phenolic ethers is not recommended although it has been 
reported. The early investigators appear to have employed carbon 
disulfide or benzene in preference to other solvents, but these solvents 
have been replaced most advantageously by nitrobenzene, tetrachloro- 
etliane, or a mixture of the two. 

Aluminum chloride has a definite destructive action on many poly- 
nuclear aromatic hydrocarbons, their phenolic ethers, and some hetero- 
cyclic compounds such as thiophene. •’* Nitrobenzene and tetrachloro- 
cthane both dissolve aluminum chloride and form complexes with it; 
the catalytic activity and the destructiveness of the catalyst are de- 
creased by complex formation with the solvent.’**- Carbon disulfide, 
benzene, and ligroin do not dissolve aluminum chloride to any appre- 
ciable extent, and the compound to be substituted is e.xposcd to the 
destructive influence of the catab'st throughout most of the reaction 
(unless the compound itself, for example chlorobenzene, forms a complex 
^^^th aluminum chloride). It follo'^'s then that for sensiti\'e compounds, 
and all poljmuclear hydrocarbons belong to this group, nitrobenzene or 
tetrachloroethane should be employed as soli-ents. 

Carbon disulfide may be u^ with compounds such as the halo- 
benzenes that contain deactivating groups. Prolonged heating is then 
nccessarj’. But the jnelds are usually not high, and if the balobenzencs 
are readily nvaUable it is probably preferable to use them in e.xcess 
without a diluent. When comp-arisons n-ere made to determine the 
effect of different soh'ents, carbon disulfide was usually found to result 
in the lowest yield. Nitrobenzene does not appear to be a good solvent 
for succinoylation of halogenated benzenes,*- **-“ possibly because the 
catalytic activity of aluminum chloride in solution is too low. 

Although nitrobenzene is the most adequate solvent for poljiiuclear 
hydrocarbons, alkylated benzenes are best succinoylated in sym-tetra- 
chloroethane solution.” This solvent proved to be more suitable than 
carbon disulfide, benzene, ligroin, or nitrobenzene, but was unsuitable 
for naphthalene. The jields usually nu^e between 80% and 90%. 

>“ Fiespr. in Ortanie Chmuttrv, 2nd ed , p. 413. D. C. Heath and Co , 

Boston. 1941. 

Thomas. Anhudrou» Aluminum CUondt U Orgonie ChmWrv. pp. 210-211, 873. 
nelnhold Publishing Corp., New York, 1041. 
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For phenolic ethers in both the benzene and naphthalene series, nitro- 
benzene and tetrachloroethane have been employed vrith good success. 
Usually' nitrobenzene gives the hi^er jdelds, but sometimes this is 
reversed (see Table III). Benzene has also been used as solvent, but it 
is not so generally applicable as the other solvents mentioned. With 
carbon disulfide the ^fields are lov throughout. Some of the results on 
the succinoylation of the methyl ethers of dihydric phenols are sum- 
marized in Table HI. 

TABLE m = 

Eftect or THS SoivEST OK THE YrEXD or ^-AEon-PKonoinc Acids eeou 'tee 
D mETHTL Exhe^ or tee Dihtdeoeteekzekes 

Yield of ^Arorlpropionic Add in 
sjrm-Tetra- 



Carbon 

chloro- 

Xitro- 


Disulfide 

ethane 

benzene 

Aromatic Compound 

% 

% 

% 

Besorcinol dhaethyl ether 

50 

60 

SS 

Catechol dimsthyi ether 

45 

54 

44 

Hydrogninotie dimethyl ether 

40 

45 

70 


The best solvent for the succinoylation of aromatic ethers, however, 
appears to be a mixture of tetrachloroethane (80%) and nitrobenzene 
(20%),” This mixture can be employed in large runs, where nitroben- 
zene has been found to have seme undesirable oxidative action; ^ yields 
of 80-90% and often more are usually secured,^ A 95% yield of ^p- 
anisoylpropionic acid was obtained by several investigators with as much 
as three moles of anisole.^- The mixed solvent is particularly useful 
for aromatic ethers containing a naphthyl group. The yields from the 
reaction of 1,.5-dimethoxynaphthalene and succinic anhydride are sum- 
marized in Table IV, The mixed solvent has also proved useful in the 
succinoylation of compounds other than ethers, for example, ethjT 
benzene,-'^ hydrindene,® diphenylene oxide, and phenylcyclohexane."^ 

Benzene, which can be used as solvent only for thcKe compounds that 
are more reactive than itself, is generally employed in all reactions where 
it is one of the reactants. In the reaction between dimethyknaleic 

^ and ref. 7L, rcxwrt tbat the acid rrom veratrole and snccinic anhy- 

ende is formed in a j-ield of 40^^ ia carbon cisnlhda, 739^ in nitrobenzene, and ^ 
tbs mixtnrs of nitrobsnzsns and tstrachloroetbans. The product obtained with the solvent 
mixture is purest. Ha-srertb and ifavin,, ref. 145, obtained an S5% >de]d using nitro- 
benzsns. An S49c ideld of tb.e acid iras later secured fcy Holmes and ilann, ref- 252, 
vrbo- empToyed tbe solvent mixture. Sec aUo ref. 275. 

^ Kimrr.gr, Snort, and HiH. J. Chcci. Soc^ 1333, 095. 

^ Price and Kaplan, J". Arr^ Cf-em. Soc~, 66, 447 (1&14). 

^ Baddar and Warren, J, C?-r?a- S<x^ 1933, 344. 
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TABLE IV 

SuCCINOTLATlOH OF l^DlMBTHOSTN^PaTBALENE 

Yield 

Solvent % 

Carbon disulfide 21 

TetracblorocUiane SO • 

Nitrobcnrene S5 

Mixture of nitrobenzene and 
tetnehloroethane 03 1 

* This rvsetion vaa run at 74*» and partial datnetlulatinii look place, 
t Wbea tlirea aquivalenta of aluminum oUonla arera t>»«t tbe yield «aa9S^, 

anh5-dride and benzene, however, better results were obtained when 
carbon disulfide was the diluent.*** Although inferior to nitrobenzene 
and tetrachloroethane for reactions involving poljTiucJear hydrocarbons, 
benzene has been found to be an tatcellent solvent for certain benzene 
dwirnlivets coaiaiaiag sficychc liogs, such ss ^uorene,“ and 

also diphcnj’l ether and diphenyl sulfide, but not hydrindene or ace- 
naphthene.* Benzene is also the most suitable solvent for the succin- 
oylatioQ of reteno and is superior to nitrobenzene.*'** 

Table V, summarizing the results in the literature, suggests the sol- 
vents which may be most advantageously employed for the succinoyla- 
tion of several classes of compounds. 


Refereoco 

24 

24 

24 

87 


TABLE V 

PBarERRCD SoLTFSTS FOB SucCLVOTI.AllOX 


IVpe of Compound to Be 
Succinoylated 
Benzene 
Alkylbcnzcnes 
Phenols 

Aromatic ethera 

Ilalogenated benzenes 
Benzene with nlieycUc rings 
Polynuclear hydrocarbons 


Solvent 

Benzene 

Tetrarbloraethana 
Tel rachloioethane 
Nitrobenzene, tetrachloroeltane, or, 
best, a mixtuj® of the two 
Carbon disulfide or e^cesa reactant • 
Benzene 
Nitrobenzene 


* Tb« UM of OIWM rracUot u salvral lo tb* (octuoybUoa of iodabrotens iota sot kppesr to be 

•uiuble. 


For aabj-drides other than succinic anhydride or its derivatives, the 
data are not sufficiently numerous to permit similar generalizations. 
The solvent of choice will probably be similar to the solvent used for 
succinoylations, but the nature of the anly-dride and its reactirity till! 
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have to be taken into account. From the available information regard- 
ing the condensation with maleic anliydride it would appear that tetra- 
chloroethane is the most suitable solvent for the reaction with alkjdated 
benzene derivatives.*’^ The claim in the patent literature that nitro- 
benzene is a good solvent for the reaction between maleic anhj'dride and 
poljmuclear hydrocarbons could not be .substantiated.” The three 
cresol methyl ethers, veratrole, and hydroquinone dimethjd ether have 
been condensed with maleic anhydride in very good j-ield in nitrobenzene 
solution. The jnelds in carbon disulfide were generallj’ lower.*’® 

The reaction time and reaction temperature •will usuall}' depend on 
the solvent emplo3’ed and the compound to be substituted. Reactions 
in carbon disulfide are slow. However, the convem’entl3' low boiling 
point of carbon disulfide makes it the solvent of choice where heating is 
required. It is nece.ssary to heat reactions with the halobenzenes for 
twent3’-four hours or more. Benzene is also used in conjunction with 
heating; it acts more vigoroush- because of its higher boiling point. 
Reflimng for one hour is usual]3' sufficient 'ivith tlie alic3'clic-aromatic 
compounds and diphen3i ether. 

Of the two solvents that dissolve aluminum chloride, tetrachloroethane 
and nitrobenzene, the former gives the faster reaction. BTien emplo3'ed 
for the succLno3’lation of alk^ibenzenes, a one- or two-hour standing 
period at room temperature is usualh' sufficient. In reactions of poly- 
nuclear h3’drocarbons and their ethers a low reaction temperature has 
to be maintained while the reagents are slowb' mixed. Reactions in 
nitrobenzene are generall3' slow, and this fact, combined -with the low 
temperature at which reaction has to be carried out, require prolonged 
standing. The usual procedme is to add the reagents slowly at ice-bath 
temperature or below and after a few hours at that temperature to let 
the reaction mixture come to room temperature b3' allowing the ice to 
melt. A total period of twenty-four hours’ standing after mixing the 
reagents is usuall3' sufficient, but in some reactions a period of several 
da 5'3 results in a higher 5'ield. The reaction between l-meth 3 'l- 2 - 
methoxx-naphthalene and succinic anhydride results in a 41 % 3'ield 
after forty' hours, a 6 - 3 % yield after three days, and a 78 % 3'ield after 
five days.^ In the succinoylation of phenolic ethers using the tetra- 
chloroethane-nitrobenzene mixture, three days’ standing in the ice 
chest is recommended. With veratrole a 67 % 3'ield is seexued when the 
low temperatiue is maintained for three da3'S, but only' 43 % when the 
mixture is allowed to stand at room temperature for the same period 
of time.’*- Anisole need not be cooled during the long standing time."* 
When benzene is used as reactant and diluent, a short heating time 
^ Iteser and Desrenr, J. Am. Chm. Soc., GO, 2253 (193S). 
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is usually necessary to compensate for the relative inertness of 
benzene.^- 

The order of addition of the reagents is not too important if the reac- 
tion is slow and the compound not sen^tive to aluminum chloride. In 
all other cases, probably the majority, it is essential not to add the 
aluminum chloride alone to the compound to be substituted. It does 
not seem very important, however, whether the compound is added to 
the catalyst or vice versa. Haworth and collaborators conducted the 
reactions by adding slowly a mixture of the anhydride and the aromatic 
compound to the solution of aluminum chloride in nitrobenzene. Fieser 
and collaborators added the aluminum chloride through an addition tube 
to the solution of the other reagents. In some reactions the aluminum 
chloride can be dissolved in nitrobenzene and then added to the other 
reagents. One should also bear in mind that two moles of aluminum 
chloride is refjuircd for one mole of anhydride. In the older 
literature, and also in some recent work, this ratio was not used. An 
excess of aluminum chloride does not seem necessary; in a few reactions 
higher yields are reported when more catalj'St is used, in others tho 
yields aro lower. 'The relative ratio of succinic anh>-dride-alumiaum 
chloride and tho compound to be substitutc<l depends on the compounds; 
when the reactant is used as solvent it will obnously be present in excess. 
Often reagents can be used in cquiv.alent amounts. An excess of about 
20% of succinic anhydrido-alummum chloride \rith regard to other 
reactants generally results in a higher yield than nn excess of the latter.” 

Apparatus and Isoladon of Products 

■When the reaction docs not require slirring, as is often the case when 
carbon disulfide or benzene is used as the soh’ent, an ordinary round- 
bottomed flask equipped with reflux condenser, calcium chloride tube, 
and gas-outlet tube is satisfactory. Ilowew, stirring is usually prefer- 
able even in a single-phase rcaclion because it pro^dcs faster mixing 
of the reagents and helps to eliminate the hydrogen chloride formed. A 
three-necked flask, equipped with a mcrcurj--scalcd stirrer, addition 
tube ““ (or dropping funnel), Ihennometer, and a gas-outlet tube, is the 
most suitable apparatus. ^Mien the reaction is a/lorved to stand for a 
longer period of time, stirring is usually discontinued a few liours after 
mixing the reagents. 

“Too long stAnding miiy promof* lUde metioiu, and the eontinuous evolotion of 
hj drogen rhlorido is not s « sign that the reaction is »tiU progreasing in the desired 

direction. See ref. 195. „ 

*“ neser. Erpcrimenlt in Organic CAemistry, Sad ed.. p. 311. D. C. Heath and Co. 
Boston, mi. 
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The reaction mixture can be decomposed by the addition of ice and 
hydrochloric acid; but, as in all Friedcl and Crafts reactions, it is better 
to pour the reaction mixture on ice and dilute hydrochloric acid in order 
to avoid local overheating or accumulation of too much hydrochlonc 
acid.*^ If the decomposition is to be followed by steam distillation, it 
is advisable to carry out the decomposition of the reaction complex in a 
large round-bottomed flask which can be used directly for the steam 
distillation. 

Carbon disulfide and benzene possess the advantage that they can 
easilj’’ be remov'ed from the reaction mixture. The reaction complex 
usuallj’' precipitates during the reaction when carbon disulfide is the 
solvent, and the carbon disulfide la3’cr, containing the unreacted re- 
agents, can be decanted before decomposition; the remaining solvent 
is remov'ed on the steam bath after acidification. The usual procedure 
with the other solvents is to remov'e them bj”^ steam distillation and to 
dissolve the remaining product in sodium carbonate solution. This is 
an important step, because alumina is alwaj's left behind with the acid 
and staj's with the neutral materials when the acid is extracted with 
carbonate. Sodium hj’droxide is obvdouslj’' not suitable for this purpose 
because it dissoh'es alumina. 

Nitrobenzene is not verj^ volatile with steam, and even with an effi- 
cient steam-distillation apparatus a few hours are required to remov’e 
it completely.^'* Small amounts of residual nitrobenzene tend to 
contaminate the final product and often cause it to separate as an oil 
after precipitation from the alkaline solution. It is good practice to 
filter the acid after the first steam distillation, or to decant the super- 
natant liquid if the acid is oil3’', return the acid to the original flask, add a 
solution of sodium carbonate, and continue the steam distillation.^ 
The second distillation, which must be begun carefull3' to avoid frothing, 
remov^es the last traces of solvents while the acid goes into solution as 
its sodium salt, leaving onl3' the alumina and neutral products undis- 
solved. The acid does not dissolve easil3' in carbonate solution because 
it is occluded by alumina, and, if the second steam distillation is omitted, 
prolonged boiling is often necessary to dissolve aU the acidic material.®^ 
The sodium carbonate solution is treated with charcoal while still warm 
and filtered, preferably with the help of some filtering aid, without 
which the alkaline solution filters ver3'' slowly owing to the suspended 
alumina. The solution should be placed in a large beaker, to prevent 

* Holmes and Trevoy, Can. J. Rasearch, 22, 109 (1944), found that some demethylation 
of 3,4-dimethox3'benzoy]propionic acid took place during steam distillation. Demethyla- 
tion ccruld be suppressed by separating the organic from the aqueous-acidic layer before 
the steam distillation. 

Somerrille and Allen, Org. Syidhezos, CoU. Vol. 2, 81 (1943). 
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loss during acidification, and should be cooled before adding dilute acid. 
Since almost all the acids are very sli^tiy soluble in cold water, ice 
can be added to the solution. If the first crop of material precipitates 
as an oil it can be disregarded or worked up separately, but usuaUy the 
acids solidify readilj’ in the cold. 

In place of the second steam distillation, the reaction mixture can be 
dissolved in ether and the acid retracted with carbonate, or the filtered 
alkaline solution can be extracted with ether to remove the remaining 
solvent. But if much solvent is still present the separation of the 
layers is often tedious. Some acids form difficultly soluble sodium 
salts; whenever this occurs isolation and crystallization of 
the sodium salt is the preferred method of purification. 

EXPERIMENTAL PROCEDURES 

Preparation of Anhydrides. Succinic anhydride is commercially av’oil- 
able. It can bo prepared from succinic acid by procedures described in 
Organic Syntheses.^ 

Glutaric anli^xlride can be prepared from glutaric acid by the methods 
Just mentioned for succinic anhydride. Because of the low melting 
point of glutaric anhydride it is advisable to purify the product by 
vacuum distillation rather than cr^’Stallizatlon.^^ 

Methylsuccinic anhydride can be prepared by catalytic hydrogenation 
of citraconie anhydride.’^ Tlie sjutberis of cltraconic anhydride from 
citric acid is described in Organic Synthesesy^ A more convenient 
method for the preparation of methylsuccinic acid from ethyl crotonate 
has been described.*®* 

<fl-a,;8-Dimethylsuccimc anhj’dride can be prepared from ethyl 
cyanoacetate and ethyl o-bromopropionatc.*®^*®* 

Phenylsuccinic anbj-dride is prepared by dehydration of phenyl- 
succinic acid,***'*** hidi is obtained from a-cyano-j3-phenyIacrylic acid.*“ 

cs-Dimcthylsuccinic anhydride, «M-methylethylsuccinic anhydride, 
and trimethylsuccinic anhydride can be sjmthesized by the method of 
Higson and Thorpe.’*® 

Maleic anhydride is a%'ail3ble commercially. 

“ Org. Svntv*-*. CcB. Vol. S. ««> (1«3). 

“ Mid Clum-DergiMnn. J. Am. CAflii. Soc., 69, 1S73 (19371. 

“ Or*. SvnthfM). CM. Vol. S, 36S, HO (1943). 

” Org. (1W6). 

*• Bone *nd Sprentlmg. J- CArm. Sot, 7S.S39 (1899). 

Org. CM. VM 1. 451 (1941). 

Org SyntA^w*. CM. Vol. 1. 181 (1«1). 

“ IIi* 9 on end Tborpe, J- CAotn. Soe., 89, 1455 a906}. 
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Poljmeric anhydrides of higher dTbasic acids can be prepared accord- 
ing to the directions on p. 2G3. 

Preparation of p-Benroylpropionic Acid. Detailed directions for this 
preparation, vrhich Ulustrates the use of excess h^'drocarbon as solvent, 
are ^ven in Organic Synlhcscs.-^' 

Preparation of p-(3-Acenaphthoyl)propiomc Acid. Detailed directions 
are given in Organic Synlhescs}^'^ “The procedure is a general one 
and may be used for the condensation of succinic anh 3 'dnde vith 
naphthalene and vdth the mono- and di-meth\'Inaphthalenes, although 
in no other case are the purification and separation of isomers so easily 
accomplished.” ^ This general method can also be emploj'ed for the 
succino 3 'lation of higher pohmuclear h3'drocarbon3. 

Preparation of p-(p-Methoxybenzoyl)propionic Acid.^ A solution oi 
43 g. (0.4 mole) of anisole and 42 g. (0.42 mole) of succinic anh 3 'dnde 
in 400 ml. of tetrachloroethane and 100 ml. of nitrobenzene is stirred 
and cooled to 0-.5° (thermometer in liquid), and 112 g. (0.84 mole) of 
aluminum chloride is added graduaUv', the temperature being kept ac 
0-5°. At the end of the addition (one to tivo hours) a clear solution is 
usuaU 3 ' obtained. It is allowed to stand at 0-5° (packed in ice in the 
cold room) for three da3-5, during which time a complex sometimes 
separates.^* After ice and h 3 'drochloric acid have been added and the 
solvents removed with steam, the product is either allowed to ciy.stalhzo 
directly or it is dissolved in soda solution, and the solution is clarified 
with Norit and acidified. ^(p-^Iethox 3 'benzo 3 'l)propionic acid is ob- 
tained as colorless needle.s, m.p. 146-147; 71 g. (85%).“ 

This is a general procedure for the succinoylation of ethers of mono- 
and di-hydric phenols and naphthols, and it illustrate the use oi a 
mixture of tetrachloroethane and nitrobenzene as a solvent. 

Preparation of p-(p-Phenoxybenzoyl)propionic Acid.^^^ To a solu- 
tion of 170 g. (1.0 mole) of diphen 3 'l ether in 500 ml. of thrv, thiophene- 
free benzene, 100 g. (1.0 mole) of finely ground succinic anhydride is 
added- Two moles of aluminum chloride (266.6 g.) is added all at once, 
and, after the initial reaction hag ceased, the mixture is refluxed on the 
steam bath for one hour. The reaction mixture is decomposed with 
ice and hydrochloric acid, and the solvent is removed with steam. The 

EticcinovlsTiati of a-cenapitbens. Tiie yisld 22 IcrTrer ( 45 ^ cf enrtfs rssteri^), tits pTO- 
portiso. 01 "tHe ttto scfds is « m r r? y tbs sime. <io62 t.oz 

-crtisn. SnGJcid-e is used zs the csnshrru ilsssr and J. Am, Chem. So^ 

61 , 1272 ( 1029 ). 

It is reported that tba Icrr temperettire dirrin^ the titree esys’ stzzidms is — O'- 
for ths prepsmtion of ^(p-^ziettoxyheiizoyJjpzcpiryzd.':: acid. See ref. 201. 
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cnido acid is dissolrtni in sodium carbonate solution, the solution is fil- 
tered from aluminum oxide, and the filtrate is acidified. The yield of acid 
melting at 118-119® is 202-270 g. (97-100%). 

Preparation of p-(^-ChIorobenzoyl)propioiuc Acid.” Fifty grams of 
chlorobenzene (0.-14 mole) is dlssolred in 200 ml. of carhoa disulfide. 
Fortj’ grams of succinic anhydride (OA mole) is added, follorred by 
110 g. of alumimim chloride (0.83 mole), and the mixture ia refluxed 
on a uator bath for twenty-four liours. The almost colorless carbon 
disulfide Layer is then decanted, and the residue is treated with ice and 
hydrochloric aci<l. Any remaining solvent is removed by heating the 
mixture on the steam bath for a brief period. The crude acid is filtered, 
dissolved in soda solution, and clarified with charcoal. The j-ield of 
cream-color«l acid, m.p. 132-133®, obtained on acidification is 54-42.5 g. 
(49-50%).*>' 

The other halogcnatcd ^bentoylpropionic acids can be prepared by 
similar methods. 

Condensation of Alkylbenzenes with Succinic Anhydride." Sixty 
grams of finely powdered aluminum chloride is slonly added to 20 g. of 
succinic anhjdrido (0.2 mole), 0.22 mole of the bydrocaibon, and 75 ml. 
of tetnichlorocthane. Jfost reactions (p-x^-koe is an e-xeeptioa) are 
complete in tn-o or three hours. The products are n-oried up as usual 
and, after being precipitated from soda solution, are sufficiently pure 
for most purposes. The yields range from 80% to 00%. 

Preparation of Y-(p-Methoxybenj:oyI)butyric Add.” A mlxiuro of 
25 ml. (0.23 mole) of anisole, 50 ml. of nitrobenzene, and 25 ml. of tetra- 
chlorocthane is cooled in a three-necked flask equipped with stirrer, 
dropping funnel, and gas-outlet tube. Aluminum chloride (67 g., 0.43 
mole) is added, and the solution is cooled to 0-5*. A solution of 23 g. 
(0.2 mole) of glutaric anhyclridc in 25 ml. of tetrachloroethano is added 
through the tlropping funnel over a period of forty-five minutes. After 
twenty-four hours, during which time the mixture is allowed to come to 
room temperature, thcrcacticmisworkedupin the usual way. The acid, 
once crystallized from ethanol, melts at 139.5-140.5* and weighs 38 g. 
(85%). 

Preparation of oi-Beazoylvaleric Acid.**^ One hundred and forty-six 
grams (1.0 mole) of adipic add is refluxed with 400 ml. of acetic an- 
hydride for six hours. The excess acetic anhydride and the acetic acid 
formed are removed by distillation in racuum up to 120* (bath tempera- 
ture). The rcsiilting polyanhydride is dissolved in 400 ml. of ^varm, dry 
benzene, and this solution is added with stirring over a period of one 

*“ Thia acid can abo be prepared iritb ebtorobeniene aa the aolvent. Refs. 65, 

66. 67. 
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iioar io 300 g. (2^5 molss) of ahnninniii chloride sa=p=iide<i in i-5 L c: 
dry henzene contsined in a three-necked 3-L fiash ntted Tritii a rennr 
condenser and a mechanical stirrer. 

The reaction mixnire, after having been aEovred to stand ovemignT. 
is decomposed vdth ice, and 250 tt-I- of concentrated hydrochloric acid 
is added. The l^nzene layer is separated and entiacted with dimte 
aoneons scdimn Imdroxide. The alkaline soluticin is acidiSed. ancL tne 
crystalline precipitate cf £:>-benzoviTaleric acid is filtered. The emhs 
add — eighs 78 g. (75%). The product after crystallization frem a 
benzme-petrolenm. ether mixtnre melts at 70-71". 

The entracted benzene is concentrated to a voltnne and chiiiei; 
55.0 g. (85%) cf 1.4-dii:^nzovibrrtane is obtained. The diketone after a 
sinde recrystallization frmn ethanol a sli^t^ pmk color and snelrH 
Etia5-i05=. 


TABULAB. SITEiis,!. OB BBIEDBL-CSAFTS EEACTTOItS vTHH AU5EA33C 
DIBASIC iCID AltHxDBIDBS 

In Tables TI— iST are summarized the reactions of the anhydrides cf 
aliphatic dibasic adds vrith aromatic compemnds leported prior to 
September 15. 1&47. A fev references available during 1945 have also 
been indiided. Some cf the yields, particniarly those recorded in the 
older iiteratnre, do not constitnte the r-.^-.--TinTn yidd but might be 
improved by choofing the right solvent and rhe- riant amormt of catalyst. 
TThenever percentage yidds are reported in the odginal paper they are 
qcoted directly: ah other yields have been compnted from the available 
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TABLE VI 

U*ACTioNs or SoccEoc ANHTDiinjE vrm AnouAnc Hthkocarbons and HAioaEM 

DSBIVATirES 


4'Fl\iorob<nBdyl CSt 

4-ChlorobrcitoyI CUorobenHS 

4-CUorob«aioyl CSt 

4-Eromob«ii»oj'l 

4-BrQm«brBtoyl Broatobetten 

4'BKmob*ato9rt CSt 

4-Ii>dab«w«yl CSt 

Atixtun bcoMyl adJ foditbeBMa* 
4-ii>d9b<iit«)'l 

4*TaIurl ToI<mm 


a*Cll!gtotolu«Qa 

Elbylbetura* 

EthylbcaiaoB 

Ethylb.ai«a, 

Ethylb«Bi«a« 

Ethylb«DMo* 


4 .Talii>l 

4-Taluyl 

4-Tduyl 

4-Teluyl 

A-Toluyl 

4-CbIore-S-in«tl>)rlb*Bi>o)'l 

4-iribylbrD>a)rl 

4-Ethylb*nio>l 

4-Eth>tb»pin}l 

4-Elh}lb»n»tijl 

4-irfiwib»»»<>j'i 


4-rihylb«i»o>l 

SJ-Pim'lbylbpoanl 

S,4<Plii»'tliyn>M>aB}| 

3.4- niin»(h)'lbMi»>l 
O.t-PliurtKtlbpnii^l 
3,4*phnribyll>m*nyl 
9,4*Pliurtli>UM'nMjrl 
9,t4'lm>tliylbnwi^I 

5.4- r<lniMlonwn>ml 

9iA‘1>lni4*lbttb«*nBoy| 

S.I.A-TlbnKKtlbgiiM^l 
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TABIiE VI — Conlinued 

E^AC^o^■s or Srcccac A^'ETBarDS Trrra Aeomatic Htdeocaeboxs aa'd Halogen 

Uebivatites 





DiphcD>ImetbaM 

DiphciiylmatbiiM 

nuono* 

nuoKB* 

CVclob*iBDe-l-ai»ro- 

B.tO-DibydroaDtbnnna 

B,10't>ibyiiroaQtbnc«&a 



♦-B<n«jIb»D»cijrI 

4- BenIVlbrDK}l 

2-Fiaor^J 

5- Fluorcrl 

S-(or 6-)Cytlobe»iii^l- 
•ptrobydnodoj! 
9-(9,10-Di!iTdrMBtbnqr0 

2-AB(bn>r( 

2-Astbni)l 
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TABLE VI — Coniimied 


Reactions of Succinic Anhydride with Aromatic Hydrocarbons and Halogen 

Derivatives 


Aromatic Compound 

Product 

P-Aroylpropionic Add 

Solvent 

Yield 

% 

Refer- 
ence * * * § 

Anthracene {Continued) ] 

L-Anthroyl and 2-anthroyl ' 

C6 HeN02 

— 

44 

30 

109 

Anthracene f 

)- (9 , 1 0-Dihy dro)anthroyl 

Benzene 


9,10-Dihydrophenanthrene ! 

2-(9,10-Dihy<irophen- 

C6H6NO2 

98 


anthroyl) 



110, 237 

9,10-Dihydrophenanthrene t 

2- (9 , 10-Dihy dropben- 

C6 HeN02 

90 


anthroyl) 



40,106,30 

1,2,3,4-Tetrahydrophen- ■ 

9- (1 ,2 ,3 ,4-Tettahydro- 


78 

anthrene 

phenanthroyl) and 

7-(l,2,3,4-tetrabydro- 

phenanthroyl) 


5 

108 

1,2,3,4,5.6,7,8-Octaliydro- 

9-(l,2,3,4,5,G,7,8-Octa- 

CS2 

8G 

phenanthrene 

hydrophenanthroyl) 


31 

107 

1,2, 3.4, 9, 10, 11, 12-0 eta- 

6-(l,2,3,4.9,10,ll,12-Octa- 

C6 HeN02 

hydrophenanthrene 

hydrophenanthroyl) 


GO 

41 

phenanthrene 

3-Phenantbroyi (and an 

C^6N02 


isomer) 


60(?) 

42 

phenanthrene 

3-Phenanthroyl and 

C6H6N02 


2-pbenantbroyl 


5 

54 

4,5-Methylene-9,10-di- 

4,5-Methylene-9,10-di- 

CeHBN02 

99 

hydrophenanthrene 

bydro-2-phenantbroyl 


45.4 

54 

4,5-Methylenephenanthrene 

4,5-Methylene-l-pbenan- 

C6H6NO2 

4-Methyl-l,2,3,4-tetrahy- 

1 throyl 

4-M ethyl-1 ,2,3,4-tetrahy- 

C6H6NO2 

— 

286 

drophenanthrene 

dro-9-phenanthroyl f 


j 

113 

9-Methyl-l,2,3,4-tetrahy- 

9-Methyl-l,2,3,4-tetrahy- 

C6H6NO2 

62 

drophenanthrene 

dro-7-phenanthroyi 


36.5 

63 

52 

3-Methylphenanthrene 

6-(3-Methylphenanthroyl) 

CcHbN02 

4-Methylphenanthrene 

3-(5-Methylphenanthroyl) 

C6HSNO2 

22 


and some l-(4-methyl- 
phenanthroyl) 


80 

49 

48 

9,10-Dihydroretene 

9, 10-Dihy dro-2-retoyl 

C6H6NO2 

Retene 

3-Retoyl 

Benzene 

58.5 

Retene 

3-Retoyl 

C6HbN02 

21 

61 

l,2,3,4-Tetrahydro-8,9- 

5- (1 ,2,3 ,4-Tetrahydro-S,9- 

CcH6N02 

83 

acephenanthrene 

a ceph enanthroyl) 



45 

1,2,3,6,7,8-Hexahydro- 

1,2, 3,6,7 ,8-Heiahydro-4- 

C6H5N02 

67.5 

pyrene 

P3Tenoyl 



45 

Pyrene 

1-Pyrenoyl 

CeH6N02 

62 

Pyrene 

l-Pyrenoyl 

C6H6NO2 

90-94 

47 

239 

50, 240 

50 

51 

Pjrrene 

1-Pyrenoyl 

CiiH6N02 

96 

Pyrene 

1-Pyrenoyl 

C6H6NO2 

90 

Chrysene 

2-Chrysenoyl 

Benzene 

50-55 

Chrysene 

4- or 5-Cbrysenoyl t 

C6H5NO2 

37 5 

Chrysene 

4- or S-Chrysenoyl anc 

1 C6H5NO2 

6.5, 9.1 B 


some of the 2-isomer 





* References 217-29G appear on pp. 288-289. 

t No analysis was reported for this product. 

t The author assumed this to be the 3-add, but see ref. 51. 

§ This jneld refers to a crude product. 

D This experiment was run at 30®; at 0® an inseparable mixture of acids was obtained. 
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Reactions or Scccinic Ahhtdridb with Phenolic Ethees 


•■ChJonulNl* 

HcsrUU 
!rhnielo1* 
rbnirtola 
rCUonpburtoIs 
»-Pror)l plianjlrtier } 
plini}'l t(bc( 
Isobu^I phcoyl ftAfr 
Ijoamyt pbeojl rtber 
pbrafl ttb«r 

^I%e&»^vUiax 7 ethjl eklon 
»-Cn»}l tMtiyI alhet 
metbfl atbcf 
►Cttaj-l Mijl »ll« 
f-Gwyl »-|»oryl fliar 
isopropyl fiber 
r-Cresyt ••butyl rtbrr 
••Ctsrjl ioobutyl rlirf 
••C^rsi 1 isoomyl rtbrr 
►Crrsyl ••bpsyl rtber 
•^rrsyl ••krplyl rtbrr 
soCrssyl airtbylrtbrr 
w^CrrQl mrlbyt ribs 


UbueytMl * 

1 ilniybcntrqrUHbtM 

VAaiaoil * 

^Ietbaiy4-eliknib«i*o>l > 

i-EtbosTbratwl 1 

^ElbuybsMoyl ' 

4-Elbaiybra>oyl * 

VEthov4-rblml>rawyl ' 

Vw-rwpoijrbrawl * 

4^«-B«locbmfoyl * 

W!Db>rtoiTb™»»>> [ 

4-Isnomylo^tr*i^l ' 

4 H>-fInoiybro>>>>l ' 

(^laTOrtboiynbowlkwwl < 

4-Metboiy-><«'iW*prwr1 * 

«.Mrtbw4-»rtk>H>«>r°I> ‘ 

4-Eaniisyi^BStlirlbrwl • 

t.lBipropwy'^e^'tWbewi J 

4.Isobuto*y4«p»I>yH»r»’r' ^ 

«.IiauoyW*a»»“>r"~^ ‘ 


•IUt«r»i>c»«7l7-20« no on pp. 28S-7S9 
t In nitronhuM lh« ylrU wu sUebUr lo 
} Isopropyl pbenyl rtbor d«i not rmot ^ 
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OEGA2\IC EEACnOXS 


TABIE Vii — Cordinuf^ 


PvTAcnoi^s or Strccixic Axhtdeide vtitb . PHirsoi.ic Ethebs 


El™ 

iVodrri 

^Arj;.1pgopt5e:; Acd 

Eohirf 

T:ii 

Tc 

Sef^- 

ezjx* 

r>-Crs53i Eseiiyl etisr (,Cc“Jimid! 1 

ni-:.~- g c? eczsl szsxrls c? 4- 

r:fir^r^-2-^:jsth5^«ic[Tl and 


- 

151: 

r>Cn 27 l ciiTi etisr 

-ZtL^-2-i=£i!:7rr^Gji 


&5 

273 



D/HsKO; 

CfHsKOj 

95 

273 

r>CrtE^ r.-brt^ etifr 

-r.-B st7rr-2-cgtlTiDgagjl 

50 

273 

r>CTe£7! isobrrtji 

t-Isvb;tcT7-2-zx^^rB)e:rp5i 

C-HiXO; 

4^3 

273 



CeHsXOs 

r^T?rVfv* 

to 

273 



273 

f-CrESji etLsr 


CjHjSOj 

— 

74,75, 

274 

p-Cres^i 

p^TSSTi rv-prcp7l f 

p-Crej^ js-bnji eiL^ 



73 

SO 

273 



273 


C;Es270. 

73 

273 



CtEsKO- 

CrHjNO^ 

£0 


p-CT£S7i i-on'STi eilrg 


S) 

273 

p^refri r.-l;€3ji eti,^ 


C^jXO- 

CO 

JtC- 

2y>D=iEti:7ia:^^ 



59 

«- 

2,4-Di=>rilri3ri5ol2 



2i.5 

245 

2^1X=sfth7-ii:£!Dl5 

4»?if rrTy«^?J>-«fV!fe*rTV^gr-y.*!p^ 

Be=2^ 

73 




CHaiCHCI; 

C-fHiNO^ 

£5 

to 

2,6-T?ii:s^j:7'Vjr»cZ? 

4-M'*i:irT-3-5-<5zsfCh3ir€^':^ 


33 

tS 



QSilCO; 

CO 

1 1 



CjHsNO; 


tt 

3 -ire-_, ^r-jcTTcpT^i-r,- 

4-irrtL<3^-'2--=j*i^T5.5-bcprci7> 

CrHi^CQ; 

— 


- r.’ 




ti 


■■ 







G« 


Vcritrt;Ta 

5 Z_TY— «=--.-rrr*.e-^-y1 

CtHsXO- 

£5 

I<5, COj 

Verstrcis 

3,4-IfcDr:iOTTt^K3c^ 

CfS^'O* 

44 

<v» 2TS 

Tcrsirsj* 

3,4-rfcc“7Kjie=2c^ 

CfHsKO- 

93 

245 




73 

71 

VGrtircs 


CtHaKO; 


259.231 

Verz-trc^ 

3.4-Dir2tb^:::rj7JpzxcTl 

CSi 

— 

Verrt-~> 

3 .4-D7=:etb=xTte=rrH 

cs- 

43 


Vcritrt'A 


CHD^CHC; 


243 






VOTtr:'* 



a 

71 

V«r::trt^ 

1 

mm 

£4 



» Erf'CTr;— ar- cn rp- 2SS-2S?. 










FIUEDEL AKD CRAITS REACTION 
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TABLE VU—Coidinved 

Reactions or Soccnno Amhtbride with Phenoiic Ethers 


Ventmle (ConAniMfl 
Kciorcbol dimeUiTl «Uier 

Reaorcmol dimtUijl etlitr 
ReaoroiQol dimethyl ethef 
KmotcihoI dimethyl ether 
SnoKiDol dimethyl ether 
Heeorcmol dimethyl ether 

Keedrdnol dimethyl ether 
lUecireiool dimethyl ether 
Iteearcinol dimethyl ether 

Hydrsquisone dimethyl ether 
Bydroquiaoee dimethyl ether 
Uydroquinene dimithjl ether 

Bydroqulaow dimethyl ethee 


Hydrsqidam* diethyl ether 



Itroduet 

S'Aroylpropionio Aod 

Solvent 

Vield 

3,l-Edii>tlhoi}bri>iD)l aad 

CHOl^CHClf + 

81 l.fSl 

S*eBothoxy-4<hydro^beiuoyI 



2,4-DiioethMybewiyl 

Reroreanol 
dimethi I ether 

“ 

2,i-buDetho9beBaD>l 

CSj 


T.t-Duwthoxybemoyl 



2,i‘Dtiaeehoi) betooj 1 

eSa 


2,i-Diinethoqbeoeo>l 

cnclfCnCTt 

eo 

2,4-biinethoDbeoioyl. 2-hy- 
droxy < iBelhogybeeiaoyl 


Wf 

24!y<Sioiy-i^lhoi)beikt«>l 

CDCIeCHCle 

— 




2-Qydroi]r44i>ethox)rbeat<>>l 

diisethil ethrr 



cs, 





2>t>ifflelh«i)bea>e>l 

CeHeNOj 


2>DiBethexyt«i>a«]l 

CHOjCHOi 

+ 

CeJlfcNOr 

81.S 

2,S-Dieiheaylieoio)l 

CBCiicnoi 

+ 

CJIfcNOj 



CtDyNOj 


2,4<E)ime<boxy4«rthy1heoto>l 

CSi 


S>t)iiMlhoiy44Dethylbe«a»} 1 



2,h-Diaethoiy4'iBelhylbeaa<»l 



2.<>-‘JVui>nhoiybewi>>l 


“ 

Z-Rydnny-l-t-diinethootiroMnl 

CSi 

- 

2-Iiydroiy-a 4-4ui>e«hoxjbeii»jl 



2-Bydrowd Vdmiethoiybewojl 



Z-RydnnH 4-dimrthi>obe«fO> 1 



3-nydeoiy4 4-di»>etbo«>l«ei»oyl 



J-ny*w4 ♦diBirehoi}t»»>I 



Mlydrteiy-S «-diiDrtk(H}bro«i}l 



i-H) di«T-S.«4>mrth<ii}hee«<»1 



and *,S,4-tnB>ethi«jI»eiai>j1 1 

Uetta'^tri 


9 9,7>Teetahydre-« methoiy- 
l-naphlhoyl 

C'ettahtie 




I eceompapyeus hydroxy Aeul. Th# 
demrthyleUon out bo eopprrwed by 
eteom duiUlloticin. 

byer had been aeparated bom tbo 
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ORGANIC REACTIONS 


TABLE Vn — Continued 


Reactioks of Succinic Akhtdridb with Phenolic Ethebs 


Ether 

Rodoct 

^-AroylfffoxRoiuc Add 

SolTCnt 

yield 

% 

Eefer- 

ence* ** 

6-Etboiy-1^3.^tctrahydro* 1 

naphthalene 

1,2,3, 4-Tclrahydro-&'ethoTy-7- 
naphthoyl and 1,2,3,4- 
tetrshydro-S-elhoxy-S- 
naphthojl 

CeHsNOj 

— 

255 

81 

256 

256 

71 

256 

256 

82 

So 

85,86 

84^1 

39 

S3 

l-hlethoxynaphthalfine 

i-hlethoxy-l-aaphthoyl 

CSj 

— 

l-Methoxynaphthalene 

4-hIethoxy-l^iaphthoyl 

CSt 

3CM0 

l-hlethoiynaphthalene 

4-iIethoTy-l-naphthoyI 

Pctroleom ether 

40 

1-hIethoiynaphthalece 

4-hlcthoTy-l^phthoyl 

CHCljCHClj 

S8 

1-Methoiynaphlhalene 

4-iIethoiy-l-naphthpyl 

CHCl^CHCl, 

92 

1-hlethuxjcaphthalgne 

4-hIethoiy-l-caphtbo5i 

CcHjNOj 

92 

1-iIethoiycaphthaIeas 

4-hIethoiy-l-itaphthoyl 

CeHsNOa 

S3 

l-Mcthoxynaphlhalene 

4-iIethoxy-l-mphtboyl 

CeHsKOj t 

— 

2-MethQfiynaphthalena 

2-MeihciTy-l-caphlhoyl 

eSa 


2-lIethoxynaphlhalene 

2-hIethoiy-8-oaphlboyl 

eSa 

33.5 crude 

2-iIetho^naphthaIefie 

2-hI ethoiy-&^phthoji 

CcHsNOj 

60-75 

2-Methoxynaphtha!ene 

2-iIethoTy-6'a3phthoyl 

CeHsXOj 

Z3t 

2-Methoxynaphthalene 

2-hretboiy-O-naphthoyl 

CcHsNO, 

— 

85 

274 

257 

2-htethor)Tt3phthal£se 

2*hlethoxy-6-taphthoj‘l and 
2-inethoiy-l^phthoyl 

CiHsKO, 

9 parts I 
1 part £ 

S-Methoxymphthalece 

2-hIethoiy-l-caphthoyl 

m 

i 

l-Ethoxynaphthaleae 

4-Ethoiy-l-osphthoyl 

CS, 

— 

l-ilethoxy-T-cethyloaphthalene 

l-iIethcxy-7-inethyi-4-Eaphlhoyl I 

Betaece 

— 1 

253 

l-hIcthfliy-T-isopropyinaphthalfine ' 

l-hIethoxy-7-bopropyW-naph- 

Ihoyl 

Bemece or, better, 
CHCljCHas 

90 

l-hJclhyI- 2 -ci£thox 3 Taphthalene 

l-'iIethyl-2-n:cthaiy-6-D3phlhoyl 

CtHsNOs 

781 


2-Mcthaiy-^inelhylnaphthaleae 

2-irethoiy-6'methyH-E2phthoyl 

l|l^ ^ 

40 

116 

1 ^Dimsthoxynaphthalene 

4,8-Diin2thojy-»l<saphlhoyl 

CHCl-CHCl, 

d- 

CtHsNO, 

937 


1 ^^Dimsthoxynaphthalene 

i^'Dimethoxy-l-naphlboyi 

cs- 

21 


1 ^^T>Trv>thin^ iiaplithalpyso 

4,5-Diinsthoxy-l-n3phthoyl 


85 


l^S-Dimethuiy xaphthalesg 

4-Hydroiy-S'inelhoiy-l-cnpb- 
thoyl •• 

CHCI^Cli 

80 

24 

2,0*Diinstb3iynaphthalena 

2,&*Dcneth£>xy-l-c3phthoyi 

CHCl-CHDi 

j- 

CcHsNO: 

82 

87 

IKphenyl ether 

4-Pbenaxybeaioyl 


93 


Diphenyl ether 

4-Ptenoiybenioyl 

C32 

53 


Diphenyl ether 

4-Pheninybcuzoyl 

Benzene 

Almost 

qaantitatire 

36 

Diphenyl ether 

4’PhenoT> benioyl 

Benzene 

S3 

S3 

Diphenyl ether 

4-Phenaiybenioyl 

CeHiSO: 

— 

274 

Diphenyl nl£(Je 

4-iIerc3ptophenyIbeaioyl 

Benzene 

94 


4-llethaiybiphcny! 

4-iIcthoiy-4 -zenoyh 4^ethoiy- 
S-xenoji 

CoHAO- 

24.5 

60 

105 


• Eeferraces 217-295 jirc on pp. 2SS-2S9. 

t In cnrbon disn3£de a email amount of l-mctboiy-I-tilthiocnrboiyllc add trae obtained. 
X A niiitur^ waj obtained and seme of the add ^caa isolated as the ctfcj'l ester, 

J The total yield of pnre adds was 45Sc- 
I This yield refera to a reaction time of 6re days; see p. 2SS. 

^ 'With three eqciTaleats of ahnninum ddonde the yield was 

** This was the reaction product when the leaction was conducted between 40^ and 7-t*» 






FIUEDIX ..VM) CRAFTS lULVCTION 


273 


TABLE nn 


Heactiovs of Socclvic Astitbsidb u'lru PnrtoLs 


rixool 

PmJoct 

Sdreat 

Yi»ld 

Rtht~ 

^Arorlprapioitw And 


eace* 


S'lljdroxjbeaaojrt 

cnatcnot 

62 

23. 243 

t^ad 

S'llpdrovybaaaopU 

cnOiCUOt 

30-35 

83,273 

fbuoi 

3-llpdrtp^ b^oaoyl. 

cnaiCnai 

2-3 

89 


4-hy^n*} 


3 


•-Ovaol 

S-HpdroiT^otail. 

ciia^Qt 

33-10 



4dijdfoa7>d-<obiH 


lS-20 



2'lIjrdmy-PHolup), 

cnaidOi 

60-65 

83.273 


4-hydroTy-2-*olujl 


1-2 


>CraaQl 

S-Updraor-dHahipl 

ciia-cnQi 

40-45 

83 

RMortlaid 


CJliXOi 

40 

90.2SD 

linaraMl 




281 

^^lAZi^TlrQZTlahifta 

2.«-OihTcl»»T'4-l»»Uijrl- 

btOMyl 

COliXOf 

8 

90 

RTdroquiBeM 

- 

/CSfc CJIiNO» 
laiCJicnaj 


' » 

QwUaei 

- 

/cSf CJltNOfc 

\cna,cHa, 


23 



CUatCHQj + 

Low 

275 



C41»X0> 



AfliordMl ewMofthyl 


CSt 

35 

22,230 






KMordool maaoawilu'l 

{•llpdretr-MBnbmQbnkiojrl 

csQjCsai 

40 

22 

R«nraaol neaantihyl 

3*n)'drai)~t4>«>boi7b»iiMyl 

CJItXOi 

40 

22 








CFk cnaicnas. 


23 

nMIhrt rthrr 


cai^vo, 



Orebol moDoselhyl 

2-JI«lboT)“-4-hydra»p4^- 

C4I*N0, 



etb«r 







cuOrCnai, 





C«H»NO, 





ciia«cna>. 





CiHjXO, 




•RcfenoM* Sll-TX »n oa pp. :S»-:8!>. 
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ORG.VN'IC REACTIOXS 


TABLE IX 


Reactions or Succinic ANirroitinr. vriTii IlETEnocn’ci.ES and Misceleaneous 

CowrouNDS 


Starting Compound 

Product 

^Aroj'lpropionic Add 

Solvent 

Yield 

Tc 

Ilefcr- 
ence * 

Thiophene 

2-Tlj»‘noj-l 

CtHiN'Or 

5t: 58. 5 

91; 151 

Thiophene 

2*TlienoyI 

CSj 

21 

94 

2,5-Dimcthylthiophcne 

2,eVt)imcthyl*3-thcnojl 

CtlliNOj 

— 

95 

Bcniothiophenc 

(Ihionaphtheac) 

3-Thiona p!i t hoy 1 

CtHrNOj 

■J3 

90 

Thiochroroane 

C-TTiiochrotnano}*l 

CjHiNOj 

DO 

9S 

Dibeaiothiophcne 

2-Dibcazothecoyl 

cnarcna* 

,u 

CeHtNOj 

CG 

97 

Dibeniothiophenc 

2-DIbrniothenoyl 

COIiNOs 

G1.5 

9G 

Diphenylene oxide 

2-Dlbcniofuro>*l 


— 

99 

Diphenylene oxide 

2-DIbcnzofuToj'l 

CtHiNOi 

93 

100,259 

Dipbcnylcne oxide 

2-Dibenzofuroj*l 

cnaK^Ha- 

CtHrNO- 

83 

101 

Dipheaylene oxide | 

2 -Dib«nzofuro 3 *l 

Benzene 

T3,90t 

3G 

Carbaxole 

Carha*o1e-3,0-W»-7-lcetobul>'ric add 
(3 .0-Wf-ca rba to>'l) 

CtHsXO* 

54 

102 

Carhaxole 

Carbaxo1e-3,C-W«--jr-l.'ctobutj*rie add 
(3 ,C-in«a rba toyl) 

CtHjXO: 

91-M 

103 

N-Mcthylcatbaio!o 

N-Methylcarbazo!e-3,6-hi»-}~bcto- 
butjTic add 

CtEtKOj 


102 

1-NH ro-S-phenyl props ne 

4 (? ) vNit ropropj'Ibeaxoj'l 

CS- 

26.5 

20 

Ethyl hydrociimaniatc 

4(7)-(-t>-CarbethoxycthyI)b<nroyl 

CS; 

29 

20 

l-Cj'aiio-2-phenylethase 

4-w-Cj'anoethyIbcnioyl 

eSa 

7.4 

20 

Benzyl C 5 *anide 

Ko reaction 

CSx 


20 

Phenothia^e 

N-Pbecothiazoyl 

CSi 

60 

104 

N-Acetylphenothiacne 

2-Phenothiaraj'l X 

CS- 

9 

104 

o-Phesylen enrea 

3 ,4 -tJ re>'Ienebenzoyl 

CHCIrCnCI- 

9 

293 

Acetanilide 

4-Acetylaniinobenioji 

CS- 

50-G0 

19 

o->utro3niso!e 

4-^«Ietboz5'-3-iiitTobe32oyl 

CeHaNOj 

Low 

19 

l-Acetylamino-7 “iscth- 
oxynaphthalene 

l-Acetylanuao-T-incthoiy-S-naph- 

thoj'l 

CtUiSOz 

84 

2S9 


• Eelennices 217-296 are on pp. 2SS-2S9. 
t The 905c yield wae ohtaiaed after refitmnc for two faoura. 

4 The primarj' product waa probably the N-acetyl compound which waa hydrolyzed during the 
laolation. The same compotind waa obtained in 585c yield with the eater add chloride of encdmc 
add inatead of the anhydride. 


FRIEDEL AND CRAFTS REACTION 
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TABLE X 

Reactions oy Substituted Scccwic Anhtdribes 


A. AiUydriib 


KipkUiJeiM 

^■UltbyIDlpbth*lell• 

MBpnpylaapbUuilta* 

rbaautbnu 

AbucIs 

•■CmylBrtbrUtbA 
»CVn] I rtbnr 
y-Ctoj'lmeihflftbfr 


BMrdool duDclIi)! fthci 


TVoebSb] trimeUi;l Mhcr 


*>Methyl'^-bfU07l 

fa-Mnhj 

/<>-MrU4h*-»-«aiuA 

V-oBikyW-H^ioI 

«rM<lbyV^^to)u)1 

„.Qf(ji,V^2-npbtbo>l 

a-il<lhyl4^«4D«ttTt-l'a*|ibtboTD 

a-M<(lu44^»«i>(nn*^pUkojO 

/«-if<tbrM-)>pb»auxb«rl 

<fM«lh]-W^i«'<Aoio4«ik)0 

iLstUM «f a- ADd 

UbmtI 

Uafort of «• md 1 

Mjl) Aod 


CiHfcNO, 

C.B4.N0I 

CtSiNO* 

c«st.s'0> 

C.BkXO, 

CJfcVO* 

e^HtSo, 

C.Hk.VO» 

CtHtXOi 

CiHtSOi 

CJtfcVOit 

C,HtVO> I 
CA-NO. 


QoaobUfaT 

a.si 


m,»« 

47. la 



8. tf^D\mMilnK»<>tA>XtinJt 



Brume 

Vcntrole i 

KApbUideDt 1 

aADiiBrtbTW«»7* iiiii,,) iiiiDil 1 

Brunw 
CiHtNOi 1 

CeHeXOj 

17 1 





* RrftnBWo S17-S9« mi« oa pp. 2SS-SS9. 
t Tb» toloi 3 'iel<l of odds woo 77%. 

t In cotbon disulfida or teUnetloroUhnn* tko JirMo '■"i' .nd. from ' 
I TTh, roAction fomiol«d * mi«ure ci the «»I 

isolotod. 

I Tb« Jield of tho mimire boforo •epormtJM 

7 Tbe yMid tcfen to * imxturo ofuoincn. 


^hlcb only tbo Inttot 
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OKGA^'IC REACnOXS 


TABLE DC 


Reactions or Srcccnc Anhtbbide yrrm Heteeoctcxes and Misceieaneoes 

CoirpocNDS 


Startias Ccrspot^yi 

Prodcct 

^Art^Iprcpiotac Add 

Solvetrt 

Yl~ld 

Vc 

Ed'er- 

ctLce 

THophss-e 

2-Tceaayl 

CtHiNOj 

55:55.5 

54; 161 

Hispbese 

2-TiferoyI 

CSi 

21 

04 

S^Tyi^ihyliH'jphszs 

2^S-DisisrtfcyJ-S<fceTioyl 

CtHsXO; 

— 

55 

Ecsrotidophste 

(thicaapbtliene) 

S-THotiapL'ihoyl 

! CeHt:>02 

! 

43 

55 

Tbio^irosaas 

C-ThJocbrotsarssrl 

! c.;a5.vo; 

GO 

5S 

DibesaotHojbeas 

2-I>ibei:roibea.r7y'l 

C?HiXOi 

66 

57 

Dib^zicthicphezs 

2-THryr» gr-* 

CtHiXOj 

61.5 

55 

Dipberrrieae cxide 

2-DibeafcfcirD7l 

9 

— 

55 

I^bssyieae oifde 

2-Dn>erzcf«-*gy1 

CiBtSO: 

53 

100, 259 

Kpbfisidsae czide 

S-IHb-zirofcrcyi 

CHCtjOHCi; 

C^HiXOi 

S3 

101 

Dxpbesyisss cmde 

S'DibeatofuroTi 

Tto— 

<3, &0t 

25 

C6rbsue<de 

C3rb2Xo!*-S,0^-M‘-74:etobxl7n.- add 
(3,C-it*-eajbaxc7J> 

CtEtNO- 

Crz 

102 

CsJb&zols 

CaTbaio!e-3,04r^-7-3:atocr:ty3ie add 
(«,0-ta*-drbitc7l) 

CeHtNO- 

52-&1 

103 

K-iletbyitaibsiCrls 

X-^^e^fc7^£a^ba2cIe-3,6-^a^*v-ksto• 
bxiyr.e add j 

CtHtXOj 

— 

102 

1-yilrcrS-pbeaylproyise 

4(?)-ra-K:troprop7lbe:^ 

CS~ 

25.5 

20 

1-Cjs=r>-Zt)bs=3i£tca=« 

4-tj^7ar:oethyib«!tJK^ 

cs- 

7.4 

20 

Bsaiyl cyarSde 

Ko reactiga 

CH- 


20 

Pbes-TtHtgae 

X-?b£t:gt Haxcyl 

CSt 

50 

104 

K-AcetyipbeaolHaEas 

2-Fher»triaio5d i 

CSe 

9 

i 104 

o-Pcsrryieaexrea 

3<4-’'Cre7t£aeber:ac7i 

CKCrCHas 

9 

i 253 

AeetaaSds 

4-A«tyla=d2£rc>ezxo7? 

CSx 

50-60 

; 15 

c-Kitrcarfsole 

4-JSetboTy-3-ErtTc.'beaxgyl 

CtHtNOi 

iow 

19 

l-Acet^'^asiaivT-^^ ^ 

.T.-, --, 

l-AcetyU-pr- o-T-cetborr-S-erspb- 
iLcyl 

CiHiNOr 

S4 

j 2£3 

i 


* 217-25*5 are ca pp. 255-2S3. 

i” Tb.e 50 ^ yield ottassed aftc jor two tocrs. 

JTLe pH=3Tj- prod=K TTM probsbJr tb- X-ac«yI ec=:fKr:2:d sdAdi hydrclyz^d A— j-r tbs 
isolitios- Tc* *3=8 K=t^jt=d clrUAsd itj 55% ji-UJ TCh the ester se£d eilrride ci srrciri: 
a-sd iratead cf the aai-ydride. 
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ORGA^^C EEACnO:?\S 


TABLE X — CcrJinMd 


Hsjlcttot.'S or ScBSTirr-ra St:ccI;.^c A^'htdhidss 


I— 

?r:c=rt 

Sc^^T=i 

Tk-H 

n 

Eef=r- 

ci;e* 

■■■1 


C. Cf-IXrLeCi^{f=srrt£r 

B*=ssw 

1 ♦Ir? 

e^I>I=J^Ji3^n3<i=r:7l 

eLG-iy-rR-OiT^r^-b-^irT! 

ej»-I>J=e*Jr7'r^'l -seti.TW-ci^tijrTr; 


53 

C 

50 

W 

77.5 

31 

* 

15 

137 

15 

1^5 

IS 

14 

133 

135 

ITS 


B*iS3?»e 

a^.3'Tri»^7V^-brsssT! 


m 

15 




j E-^-^ 

1 

U7 



CiHiKOi 

' <} 

IC 



1 

} 

I " 

i 

;- !<4 

C- At} yirrjs 

T^ZSr^'^ 


{ 

\ 

t 

: c 3 

i =• 




i- 

} 

{ :. 


1 v“.i '* 


’ — 

) :? 

5 
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TABLE X— Conttnueti 

JlEACTlONS OF StBSmUTfO SCOCDOC ANIJTOBIPES 


ArolUtiQ Compound 


I. UtnamalktlmMiinc inifiniu 




«-Oayi mrOirl etbtf 


Etkjl 

Propsi 

Ami'l 

n»«y) 

Ethyl 


«-Onyl smUi^ tlhtr 


Propyl 


o-Croajl carthyl rtkrr 


Amjl 


a-QliyHP-p*iu90) I 

r a-a-l’Rifi»W>-p«aiU)l 

<Mi> ^■iOrM-p«i>i90> I 
a^Erx)d^p-onUQ>l 
a-B-T«tndrt>l^p«iu>tijl 
MO-JInadnyM-P-xoM^ 
«‘£tKyVft-(44ittbQ9^ 
nvtltylfcriaoyl) 
rMt-PropyWMd-arthoiy-A- 
orihjnMuopD 
a-*-AiByHH«-mr<bofF4- 
artki-IbraMyO 


CiBiKOy 

CiE^Os 

CtHyN'O, 

C«BtNO, 

CiHtNOt 

CnH^S’Oi 

CiEtS-0] 

CiHiNO, 

CtBiKOi 


130 

130 

OT 


43 


:rf 


M I m 



• StTftraeM S17-S06 nr> oq pp. 285-289. 
t Tho yiold of tho Hoiture wmo «9fi. 


ji4d of tbo I 
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ORGANIC REACTIONS 


TABLE X — Conlinued 

Reactions or Subs titu t e d Succinic Anhydrides 


Aromatic Compound 

Substituent in 
Anhydride 

Product 

^Aroyli^oinoaic Add 

Solvent 

Yield 

% 

Refer- 
ence • 

Toluene (Confinurd) 1 

Phenyl ^ 

fo-Phenyl-^-p-tolnyl, 

\^phenyl-^p-toluji 

CeHtNOj 

83 

17 

17 

Toluene : 

fvKltrophensi 

Ia-p-Nitrophenyl-0>p-toluyl, 

^j>-nitrophenyl-0-p-toluyl 

Toluene 

20 

80 

17 

Toluene 

p-Xitrophenyl 

Ja-I>-Nitrophenyl-0-}>-toluyl, 

^0-p-nitropbenyl-^-p*toluyl 

CcHgNOa 

33 

67 

17 

Toluene 

p-Mcthoxyphenyl 

fa-p-hlethoiyphenyl-^-p-toluyl, 

\^-}>'incthoiyphenyl-^-p-toluyl 

Toluene 

82 

18 

17 

Toluene 

p-Mcthoiypbenyl 

a-j>-Methoiypheny|-^-p-toluyl 

C6H5?i(J2 

Pro- 

17 




pond- 

erant 



Biphenyl 

Phenyl 

^Phenjd-^p-phenylbenzoyl 

CSj 

— 

136 

Anisole 

o-Methoiyphenyl 

ff-^Methoxyphenyh^S-p-amsoji 

CHCI 2 CHCI 2 or 

— 

261 




CeHsNOj 



Anisole 

p-Melhoiypheoyl 

a-p-Melhoiyphcnyl-^p-anisoyl 

CS 2 

35 

133 

Anisole 

p-ilcthoiyphenyl 

a-p-hlethoiyphenj'l-^'p-amsoyl 

CHCI 2 CHCI 2 

95 t 

133 

Anisole 

p-Methoiyphenyl 

cp-p-hfethoxyphenyl-^-p-^nisojd 

<*-o-Methoiypbcnyl^(4- 

CtUgNUi 

77 

133 

c^esyl njfilbyl ether 

o-MethoiJTheoyl 

methoiy-J^mcthylbcnzoyl), 
^-o-melboiypheDyl-^-(4- 
i nicthoiy-3-methyIbenioyl) 

( a^MethoiyphenyI-^(4- 

1 CeHsKO^ 

1 

44 

49 

132 


o-Cresyl methyl ether 

o-Methoiyphenyl j 

methoxy-S-nethylbenioyD, 1 
^-«>*methorypheDyI-^(4- 

CHCIsCHCIj 

54 

42 

132 



1 inethoiy-3-methyIbcnzoyl) 



<>-CrcsyJ methyl ether 

P“Methoi>phenyl ^ 

o-p-M ethcoypbeijji-^f#- 

CSs 

65 

133 



mslhoiy-S-methylbemoyl) 




o^esyl methyl ether 

p>Methoiyphenyl 

CT-jvilethoiyphenyl-^4- 

CHCI 2 CHCI 2 

95 

133 



mcthoiy-S-netbylbcnzoyl) 




o-Cresyl methyl ether 

p-hlethoiyphenyl 

<t^MethoaqrpbeDyl-^(4- 

methoiY-3-methylbenznyl) 

[ cr-o-lIethoiyphenyl^5*(4- 

CcH5^^02 

92 

133 

m-Crcsj’l methyl cthes 

■ o-hlethoryphccyl 

methoiy-2-methyIbenzoyI), 
^-o-methoiypheayl-^(4- 
1 melboxy-2-ine{hylbenr<7yD 
<r^Mcthoxyphenyl-^4- 

CtH5K02 

60 

20 

132 


n-Crcsyl methyl ethe 

r o-5IelhoxyphenyI 

metho^-2-metbyIbcn2<^l), 

^-^methoxyphenji-^4- 

CiiCliCilClz 

SS 

27 

132 



1 methoiy-2-iaelbylbeaxoyl) 



tvCitsyl methyl ethc 

r j)-Methoxyphenyl 

a-p-JIethoiyphcDyl-^4- 

CSz 

15 

133 



melboiy-2-methyIbenzoyl) 




is-Crcsyl methyl ethc 

r 3 >hfethoiyphenyI 

<»-j>-Metha^phtnyI-^4- 

CHa-CHaj 

90 

133 



mcthQiy- 2 -ci-tbjdben 2 oyl) 




t 

1 

T p-Methoiyphenyl 

o-p-ifethoiypheayliJ-C^ 

CjHiNOj 

75 

133 



metboiy- 2 -taethylb€n 207 l) 




jt-Crc5yl methyl ethe 

r p-Methoiypheayl 

<t^Methoiyphenyl-^^ 

eSa 

10 

133 



methosy-S^thylbenioyl) 





• Refemaces 217-296 are on pp. 2SS-289. 
t Another isomer was formed in email amoiint. 
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TABLE X— Cofrfinufi 

Reactions or Scbsthcmd Sucostc Axktdribes 


l>-Cr«fTl mttM 1 

rCmfl tutlifl ether ; 


a^UettMySfcaijWS- 

bratoirO 


duartkoxjhnMfO 

.^rtkoinWHWS.*- 


i , e t.t^a»eW<gt*»*y*'*^-** 
^WuoeeS-i.'tV«jW'**“ 


jiwtVnjWMajQ 





HjCCH- 


CHi— CH: 
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oegam:c EEAcnoxs 


TABLE XI 


EsiicnoN's or Clctaeic Ashtdeidi: 



Troi^irt 

Solrcat 

Ti^ia 

Bf-'er- 

Cospcgrd 

T-Arpjibizt^Tiy Acd 


tst« • 

Betiiess 

S-KTiiCTl 


Hi 

15 

Benieas 

Seai^l 



KW 

3€:u«:is 


B^axen* 

■sal 


^l,3-cib>“Si^;3ipTopa.r;^ 

IS. 5 

14b 

Tc1t:j=!: 

^I^Tcl^zyU 

{IfS-dl-^iolrryiprtipiz^ 

CHajCHOj 

C3 i 

13.2 

149 

TetrsHs 

2-TelrcTi 

Be^tea- 

43 \ 



S-Acssaplttc^i 

CiHtNO; 

'Poor 

S3 

AnSso^s 

■i-AHsOjrl 

CSi 

— 

150 

Ai£sq> 

4-Ax^oji 

Arisoie 

75 

151 


4-Ar£sc7l 

CHa-CHCs -r C<H:KOs 

&5 

SO 

Ai£sc!fi 

4-A2ds37i 

CHCrCHC; -r CjHiXOj 

E2 

2^ 

rhtz^.czs 

4-i:tb3TTb2ar37i 

cs. 

— 

ISO 

?i.€SstcTs 


Kis::etoTe 

C4 

152 

D;pi£=7i «fli.er 

4~?hrzLazy}>ii^ayl 

Bs-xeae 

S4.5 

63 

Ty»\Vg— ^7 

-s-PttacTjbeazijyl 

CSi 

Poor 

63 

V«tro!s 

3.4-DIa:i<^ii7xyt>eaic75 

CjSiKOi 

45 

153 


2^,4-Triaislhcii7b*aro7i 

CiHsN'Oj 

— 

155 

ctihjs? 

‘7-0:7drcs7£:a*:i:cS7- 
bsax^Tf^batyric aad 

i 

1 



C=3=rob5=ie=s 

p-CiIcrobeaicTi 

CS- i 

Lots- 

30 

THopisas 

2-T?ieaf7l 

CtHjXOj 

S3.4 

154 

c-Raayi^sfi^rea 

3,4-Trre7ic5S’oeas/;7i 

CHC-CHa- 

5 

253 


















FIUEDEL AND CRAFTS REACTION 


2S£ 


TABLE Xn 

RjDAcnoKs DT SoB a r miT En Glctario Antitdrides 



CAinplioriA Atili)^d« 


6 *a>«sa 

TelucB* 

Aabole 


},1.3-TTiia<t}vrl*9*eb«B)rl«yt(oprnus»-A<arbeiyle 

»d4 I 

l,1.2-Trim<th;1>3<9r $)-toluyln'clop«nUM-A <»r ?)• 
fltfbozrlia acid 

l.U'TrinKthyt-l (or $)>*Diaoytcjr«Iopei>Uo*^ (er2}' 
catbOTjrliO tali 



1S9 

ISO 


ISO 


■tlc<«r«oou 217-200 »« oapp. 28^289. 

t Thla sd4 b (arai«4 by tycUttUoo of tb» aobj^iUa* Be* t*f. 1$S. 
t FormuU XtV os 9 . 24S. 

I Formula XV on p. 34S. 

1 Fbeoylcamphorio aod. Carboa moooaida la lo** I& thla reaction. 
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ORGANIC REACTIONS 


TABLE Xin 


P^EACTIOXS or PoLTifERIC AciD AjHITDRIDES * 


Artjmatic 

Product 1 

H 

yield 


Cos3 pound 

1 

■■■ 

/C 

im 


A, Pei'jnfixxnc AfikyiruU 


Bcniene 

ffcj-BenzoylTalsrie add, 

\ l,4-<iibea2oyIbTitane 

Benzene 

75; C2 
S5 

^ 161, 3C 

1 

n-Butylbeaiciie 

«-n-Butylbeaicrj*lvalerie add 

n-Butylbenxene 

— 

272 

fcc-Butylnapbthaleae 

fitf-^-ec-Butj'luaplithoyJralsTic add 

rrr-Botyl- 

1 — 

i 272 


capblKi.lene 



AsjmIs 

rfc»-j>-AsisoyIva2eric add, 
^l.^-di-p-ftaisoyibutate 

CSi 

■iZ 

55 

162 

Aniiole 

J«<^^ArdsoylvaleHc add. 

CUUiH-'tltJlr d" 

23 

23i 

^1,4-dj-p-acisoyIbntaae 
jM-p-Ethoxj'benaoylralsric add. 

CtHtKOi 

CS 3 

47 

Phenstols ! 

162 

\l,4-di-;>-elhoxybe2aoj'Ibnlaiie 

— 

Tbioplaeus t 

tf"2~Thgsoylvalsrie add 

Benzene 

3.S 

IM 


B. ArJiyiridi 



r&>-2-7ieao>*IheptaEde add, 

: \l,6-di--2-tbenaylheiacs 


B 

163, 164 

C. Po^ysailric 

Benaszis 

( i 

w-Benzoyl'xrtnncnc add 

Benrens 

1“ 1 

SO 

THopnensi 

f tj-2-Thenoyloctanoic add, 
\x,7-di-2-'tbsno3ii:eptane 

Benzene 

2-!. 5 ! 

I " 1 

1C4 


D, BoL’ji»Jyy:ic ArJ.yiridf 


Benzene 

^w-Benioyinonartoic add, 
^ 13 -dii»enzoy 2 '>rtaEe: 

Benzene 

78 

80 

IGl 

zec-AinylbenzeRe 

t.-^ec-Amyibeiiioyinonanoie add 

«er-ArayIbenzene 

— 

272 

«y-OciyiloIngse- 

c^-fijrOctyltoIujdnonanoic add 

aor-OrCjitolttene 

— 

272 

Tctralin 

tr-2-Te;roylnonande add 

C 5 EsX 0 ; 

40 S 

36 

THopb-ensJ 

( tJ- 2 -Tcen.o;-taGnanoig add, ' 

\l 3 -di- 2 -ti:sno 7 l£>ctans 

Benzene 

8.3 

21.2 

164 

* Tbe yields are cal 

-related cn tfe bads of Ibe e< 5 uat^n on p, 24 S. 




t BiEfeTen-es 217-255 are 02 pp. 2S5-2S9. 

♦ Stassis ciiloride T»?d. zs. tte cataivrt. 

J THs yield refers to a ends jirodnct. 



















FRIEDEL AND CRAFTS REACTION 
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TABLE XIV 

Reactions or Maleic Auhtdiude 


Bfoiaobeiiini« 

lodoViueM 

l^DicUoNbrntnia 

l^DicMorobtaMBt 

Tolii*M 

Telun* 

Teliuae 

»CUare(oIu<a* 

IkCblonColuM 

nJCj’hat 

^ICM 

lKiia«p>nicn>a4 

Mwlra* 

Meatyboa 

U,4-T;iarthyIbtaMaa 


Mc^Affiylbauane 

aac-Octytxylana 

p-Di-brt-butylbeiiaaDa 

^Di-tart-butylbenaana 

FttenylcydoheUM 

KapSthaleoa 

^tphthaleaa 


Benioyl ^ 

l^rUoKibma^l 

4.Bresiol>raao)l ^ 

4-BniootiaDa<»l 

frau^t-Breoxibauayl) 

4-Wob.a.o>I ^ 

3,4-DiatilcmbFftaajl ^ 

S>DicUarabri>*i>yl ^ 

^-Taluyl 3,‘ 

J-Talayl ‘ 

p-Tahiyl *: 

p-TaM is' 

• At ri 

‘I 

Sj:!Uara4-sinlbyIbnit»>l 

J>D>o«tWbaaieyl • 

J,4-t)io«i»a«>»»l' P 

LVDimatAylbawoyl ~ 

S>DuiiatAyAra**>'l ^ 

♦-liat«P>S»Mayl 

j,< ».Tnonll>yIbni»*y 1 * 

Aoii»^.«»-TMBirtkyIb**»®l'> J 

Bi ti> I-W.rM.iH 1 

f^lmythrorcri 

aK^Ortyhylnl | 

^irt-Balyn»B»»yl 

ACydokoylbeMq'l > i 

Am*t»raca»U«»g»»«>lT>W.^>-J j 

X-Kaphtbayl >»d 

WispiitAoyl I 

4 - Fbaiyll>rB>ryl | 

5- AcraaptilAcTl 


t This .Qd was obUmrd only ’>•>«»> •“ 
i The product was isolated as the methyl « • 

mb...... .. p-d- ■ 

H The total yield of the mixture was 7 t>-«ai». 
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ORGA^^C ML^CTION'S 


TABLE XIV—CoTiii'nued 


TlEACTTO^■S OF MaIXTC AKHTDEIDE 


JiTCzsiiS: Ccnpmd 


M 

Tidd 

Ejfc- 

^.VcjUiryt'; Adi 

■91 

/i 

enof • 

Anlirioss 

S-AntirjrH f 

Bsmrc.? 


ITS 


4-Aniioyl 

ra 

— 

I«5 

Ardso^ 

4-.Aciac7! 

CHOiCECi 

27 

171 

A;dy>Is 

■i-.izxyi 

CSi 

M 

17C 

Arisoie 

4-Xz23cyi 

CHa^cso; 

TO 

170r 

Pbsartcfe 

4-IbbaT>'bg=xc7i 

Pasrsfo^ 

s^n 

179 

Pi,.QetoS5 

4-E:i£3ylcnxr7l 

cs- 

Cl 

250 

Fseartd? 

•i-EtbsTybenio^ 

cs- 

a 


Fs23»tc3e 


CHG^a. 

CO 


;5-K»3lIT'iai3T2:j1 ciiTids 

(g-Cb!cnxfb<ii:«'elb3^}be=r?i 

cs- 

— 

KH 

instbyi etbsr 

S-blttbyM-astbvrybtnioiyi 

CiHijro. 

ICO 

175 

r/-Cr«^ rastnvl eihcr 


C,Hi-VO. 

22 

175 

rs^^ssjl nstijJ 


CSi 

~ 

245 

p^>es7i jmrtiyl e'^be* 


CSt 

TO 

175 

y^OrssTi 

2-!.!Ki:37-o-E«ir-a!=K!Jl 

C<ntJvo- 

S3 

275 

g^4-D^.*fbTbr2S0jS 

2-Me^io57-3,S-irnrti5ii«2o?i 

li^rdn 

8.S 

245 

2^K=JS‘Jrviirisj! 

4-lfrAi=r7-2,5‘dirs^ij!iie=s.03d 



247 

nbsr 

•i-Ib^nnrTr^acTi 

CS- 

£5.5 

HI 

I-Metboxvnspctbslscs 

4-ifet]:.si7-l-Eijcibr7i 


t; 

2(3 


S-ifribny-l-sipbincTi 5 

CiHs\0; 

SO 

255 

Teiin^ 

2.-<-K3rioi> Unxsil I 

CS- 

45 

275 

VeatrcSs 

3.4-I>bnstb3T?i)e=ao7l 

CtSiKO- 

20 

275 


2,<-K=sibrc7jbsnjis22^^ snnydrri*. 


4-D 



2,4H£=-iiCT7li<=?fec=i=»=4 


4 


EtsxcsJ £=Bti7i ctiK 


CSs 

4-C 

H2 


in**A.2^T»KS57?/?copEo=5s add 




HTdrxiiza:^ «lir 

2^I)instbrT7bE=rc7i 

C-Hi!n3: 

— 

175 

Hjdraprnooe elisr 

S^Ifci^Acsjdenioji 

cECsCsa- 

II 

1753 

rbs=c5 

i^nroTiipropiccdi add } 

Semsns 

23 

177 

Fbsnid 

^HrdriTTbsaxrri 

CHajCHDj 

4 

2753 

si-Cracl 

2-MrdTd4-crirrr3T»5ri=7i 

CHG-C^rT- 

23 

2753 

p^^escZ 


r^PS-rrs^r’. 


1*53 



ff 

THrffcsns 


CHalcEC- 

I>5c 

1753 

2^rjxo*iir:2H=a 

5-Cii««-3-di53:7i 

CHci-cza- 


1753 



cs- 

£5 

1753 


* HeferKi^ss 2l7-2>S sre cn pp 2SS-2S3. 

t Xo proof for li.* cf aitag^izr.^ cf -b:^ gfren. 

* Ths £^d rkOt obtair^d in pnre fcrxn. 

I Tbs Etmstnrs of tHs acid -srs* establiibed by Papa, Scb-srsni, Vilbjd, 


■zd HBn 5 »l:«:rg, ref- 17&z~ 




















FIUEDEL A2fD CRAFTS RE.\CTI0N 2S7 

TABLE XV 

Reactions or Sobstitdted KIauic ANuroRniEs 






B, DimrlttifimrtUie Ai^iidnJt \ 


cw^^Oim«tK)lb*BM>l CSit 49 ItS 

MfUtrl'X* M4M^<Oiinf(4}'l-^(;.4.S4rtai^<k)Ib»a«orl> CS] 01. f 100 

Bipb«B}l nf^J'Dim«ihrl.0.4fibM)ylb*nio>l CS| 50 ISO 

Sromo^bMH* | 04.btwn»b»i>«o>t CSt 40 109 
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IKTRODUCnOK 

The introduction of an aldehyde group into certain aromatic nuclei 
by means of carbon monoxide, hydrogen chloride, and an appropriate 
catalyst is knotvn as the Gattermann-Koch reaction. The catalyst 
commonly used is alu m inum chloride trith cuprous chloride as a carrier. 
The carrier is not necessary -when high pressures are used. The reaction 
Yfas first reported in 1897 ^ and Tvas discussed in detail a fevr years 

* Present address. Institute of iledical Research, The Christ Hospital, Cincinnati, Ohio. 
r Gattermann and Koch, Per., 30, 1622 (1S97). 
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later.* It has rccei^-ed little attcntioa as a subject of academic study, 
but its application in the industrial field has been investigated. 

Gattcrmann discovered the reaction while attempting to extend the 
Friedel-Crafts reaction to the hypothetical formyl chloride. He pictured 
carbon monoxide as reacting with hydr^en chloride to yield formyl 
chloride which then condensed with henrene in the presence of aluminum 
chloride in the Kime m.anaer as other acid chlorides. The cuprous chlo- 
ride presumably scia-cs to catalyre the formation of the formyl chloride. 

CO + Ha -££, (iicocii 
c.H, + incoa) c,n,CHO + na 

Gattermann did not isolate anj' intermediate compounds, and h'ttle 
evidence has since been offered to support Gattormann’s proposed 
mechanisms, llopff and co-workcrs * have described a complex com- 
pound, HCOCl*AlCla-CuCI, formed by the reaction of aluminum chlo- 
ride, cuprous chloride, hydrogen chloride, and carbon monoxide at 100 
atmospheres. This complex reacts tvith toluene to give an unreported 
jdeld of p-toluaIdch}’de. Ifowever, the complc.t is not necessarily an 
intermediate in all Cattermann-Koch reactions, since formylation can 
be effected at high pressures without cuprous chloride. 

SCOPE AND LncTATIOnS 

The chief use of the Galtermann-Koch reaction appears to be the 
preparation in one step of benzaldehyde and the monoalkyl- and 
polyalkyl-bcnzaldehydes. The alkyl group in monoaJkylbenzcnes directs 
the aldehyde group almost exclusively to the para position. 

Benzene furnishes benzaldehyde In yields up to 90%.* Among the 
monoalkylbenzencs, toluene, ethylbenzene,* <crf-butylbenzene, <ert-amyl- 
benzene, cyclohexylbentene, and (3-methyIcj’clohexyl) benzene have been 
converted to the correspondingp-alkylbcnzaldelij-tles.* The only yields 
reported are 85% for p-tolualdehyde*-* and 15% for p-cyclohexj’I- 
benzaldehyde.* The formylation of isopropylbenzene is always accom- 
panied by side reactions. Formylation at atmospheric pressure furnishes 
an unspecified ^deld of p-isopropylbenzaldehyde,* 2,4-diisopropylbaazaJ- 

*Gatt«rmannXnn.. S4T, $47(1908). 

• Hopfl, Nenitieseu, Isac«8cu, and Cantuniari, Ber., 69, 2344 (1 936). 

• Gfrlsen)drchener Bergwerks A.G.. G***. pat. 403.4SS (/Vda, 14, 435 (1925-26)1- 

• Meuly, Fr. pat. 820.645 \C.A., sa, 2955 (193S)1. 

• Boehnnger & SShna, G«r. pat. ZSl.212 [C.A.. 9, 1830 (1015)]. 

• vw> Bfaun. Iiroisrh, and Nellaa, Btr,. 66, 1471 (1933). 



THE GATTERMANN-KOCn RC.^CTION 293 

{cn,)iN^^ + co (cn,)jN^^ciio 

(cn,),x<^^ciro + 2^^X(CIW, j^CCHj)sN'^^^jcn 

phenol and phenol ethers could not be suceessfuUj' fonnylated at 
atmospheric pressure in ben^enc as a solvent. This failure to react 
was attributed to the insolubility of the cuprous chloride in the reaction 
miji,urc.“ It appears probable that formylation at high pressures 
where cuprous chloride is unnecessary might be successful. 

Since nitrobenzene may be used as a solvent for formylation reactions/ 
it may bo concluded tliat in general mda-dimeting groups in the benzene 
ring prevent substitution in the nucleus in which they are substituents. 

Biphenj’l is converted to p-phcnylbenzaldchyde.^” Hydrindene gives 
a 25% yield of the 5-aldehyde/ and a diisopropyl-arwtetrahydronaphtha- 
lene furnishes a diisopropyl-or^tetrahydronaphtholdebyde;* these are 
the onlj’ fused-ring compounds reported to imdergo formylation. Naph- 
thalene docs not give naphthaldehyde.*^ 

The sjTithesis of hoteroc>*elic aldehydes by the Gattermann-Koch 
procedure has received almost no study. It has been reported that 
thiophene decomposes during the course of the reaction and that only 
sufficient thiophene-2-aldchyde to be detected by odor is formed. 

The reaction Las been extended to the aliphatic and alicydic series.” 
Cyclohe-xano jaelds l-methyl-2-cyclolic.xanone under high-pressure for- 
mylation. The aliphatic hydrocarbons give ketones, and such reactions 
have proved to have practical application. Their discussion is beyond 
the scope of tlus chapter. 

EaS’EMMEWTAL COHDITIOKS 

The most important %'ariables in the Gattermann-Koch reaction are 
the condition and quantity of the catalyst, the carriers, the concentration 
of the hydrocarbons in the soU'cnt, the pressure, and the temperature. 

Catalysts. Anhydrous alun^um chloride has been the catalyst most 
commonly employed. Aluminum broimde,” ho^'ever, was more success- 

“GstternAun, SeT„ 31, IHO (ISSS). 

"ffey. X CfeHi. Soc., ISM. 24Te. 

” Dewar and Jonw, J. Chm. Soe.p 83. 212 (1901), 

» Dareer and Easeon, J. Chrm. Aoe., ISS^ 2J0(X 

« nopff, BfT.. 64, 2739 (1931); B<r.. 65, 4S2 (1932); G«t. pat. S12,71S (C.X.. 25. 125S 
(1931)1: Ger. pat. 520.1M (C.A.. SS, 3664 (1931)j. 

" Heformatsky, J. Buts. Phi/s. C^rm. Bee, 151 (1901) [J. C/irm. Joe. Ait.. 80 (I). 

327 {1901)). 
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ful in tlie formrlation of benzene at atmospheric pressure than alinninum 
chloride, although the latter is satisfactory' at high pressures Some 
reports in the literature indicate that pretreatment of the aluminum 
chloride rrith moisture is advantageous rvhen using high pressures. 
There is an optimum amount of water which must be added for satis- 
factory' yields of benzaldehyde from benzene under specified condi- 
tions.=^- Exposure of aluminum chloride to moist air ^ves a very 
active cataly'st-.® 

The amount of catalyst is an important factor. Usually a mole of 
almninum chloride is used for each mole of hydrocarbon to be formylated. 
The ratio of alumiaum chloride to benzene was studied carefully' in 
the synthesis of benzaldehyde from benzene at different temperatures 
using a pressure of 1000 Ib. per sq. in. and a reaction period of two 
hours.^ In Table I are shown the results obtained at 25°, 35°, and 50° 
with changes in the molar ratio of aluminum chloride to benzene. 

TABLE I 

Eftect or QuiNTirr or Caxix.tst ox Yield or BExz.iir)j:HTi>E 


llolar Ratio 
AlCIj 

CeHs 

Ifidd of Benzaldehyde % 

Eased on 
Benzene 
Converted 

Based on 
AJumintun 
! Cidoride 

j 

0.3 

At 25’ 
20.6 

68.7 

0.5 

31.5 

63.0 

0.75 

48.6 

64.8 

1.0 

65.4 

65.4 

0.3 

At 35’ j 
20.5 

68.3 

0.5 

33.8 

67.6 

0.75 

39.9 1 

53.2 

0.3 

.4t 50’ 
18.6 

61.9 

0.5 

33.0 

66.0 

0.75 

39.4 

52.5 


® HoJo-flV sad Kras?, Ini. Ent. CZuot., Z5, 497 (1933) 
= Olsoa, XT. S. pat. 1,93.5,914 28, 77S (1934) J. 
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It was obscn’cd also that too much aluminum chloride in the reaction 
between isopropylbenzene ami carbon monoxide gave decreased yields 
of jvisopropylbcnzaldchyde though more hj-droearbon was consumed.* 
E-xcess aluminxira chloride not only may convert aldehyde to the hydro- 
carbon and carbon monoxide but it also catalyzes the condensation of 
carbon monoxide and the hydrocarbon to anthracene and triphenyl- 
metliane derivatives.** It has been demonstrated by using tagged 
aldehydes that the aryl group holding the aldehyde does not become 
one of the arj-l groups in the anthracene or triphenylmethane by- 
product. 

An industrial grade of aluminum chloride may bo employed as cata- 
b'St. Its chief impurity is ferric chloride. Aluminum chloride containing 
titanium chloride as an impuril3' has been described as a valuable 
catalj*st.‘* There are no stateroenla in the literature which report any 
advantage in using highly purified aluminum chloride. A small amount 
of the preformed complc.x from altuninum chloride and the desired 
aldehyde is suggested as a promoter *‘ and has proved successful in tho 
BjTithcsis of bcnraWehj-de.** 

Carriers. Ulien the GaCtcrmann-ICoch reaction is carried out at 
atmospheric pressure, a earner is necessarj'-''* /unction is probably 

tho accelcRition of the reaction of carbon monoxide wth hydrogen 
chloride. Cuprous chloride was the first such carrier disco\‘ered. Carbon 
monoxide is known to form a complex with cuprous chloride suitable) for 
gas analysis in acid solution." In anhydrous form this comple.x dissoci- 
ates readily *• but is more stable ns the hjxlrate CuCl-CO-jlHjO. The 
high rate of dissociation at atmospheric pressure may explain in part 
the slow rate of formylation as comp.ared with that at high pressures. 

Titanium tetrachloride ” and nickelous chloride *•** liave been re- 
ported to be almost as effective as cuprous chloride. Less cfEcieat are 
cobaltous chloride, tungsten hcxacliloride, and ferric cliloride.** Thus 
from 30 g. of toluene, 45 g. of aluminum cldoride, and 2 g. of nickelous 
chloride a 54% jneld of p-tolualdehydc resulted which is comparable to 
that obtained with cuprous chloride. 2,4,b*TrimethyIbenzaIdehyde was 
made from mesitylene in a similar manner. With ferric chloride as n 
carrier, only 14% yield of tolualdehyde iras obtained from toluene; with 
tungsten h&xachloride, the yield was only 6%, and with cobaltous 
chloride it was still lower, 

” TJey, J. Soc., IWi, 72. 

•* Larson. U. S. pat. J,OS9.700 [CU., SS. 1834 aB35)P 

“ Snell and Bilfcn. Commercial MeOtodt of Attalt/ti*. p. €09, McGraw-Hill, New Yorfc 

»■ Manchot and Friend. Ann.. 3S9, 100 (1908). 

KorciynsJd and Mrosinski. BuO. see. edflit. fVoiM*. PI 34. 459 (1921). 
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Concentration of the Hydrocarbon. Ordinarily the aromatic com- 
porind to be formylated is diluted "with benzene, especially vrhen the 
compoimd is an alkylbenzene with a labile alkjd group. Usually a ratio 
of benzene to aromatic compound of between 2 and 3 to 1 is satisfactory. 
The benzene inhibits the formation of dialki'Ibenzenes and thus lowers 
the amount of clialkylbenzaldehj'de obtained as a by-product. 

Pressure, iluch of the work on the Gattermarm-Koch reaction has 
been carried out at atmospheric pressure. Under these conditions the 
reaction mixture must be saturated with hydrogen chloride and kept so 
at all times bj* continual addition of the gas. At high pressures in an 
autoclave this is mmecessaiy. High pressures also increase the rate of 
absorption of carbon monoxide and increase the yield of product. The 
higher pressure apparentb- does not increase appreciably the rate of the 
transalkylation reaction but increases that of the formylation reaction. 
Carriers such as cuprous chloride are not necessary when working at 
high pressure,®-^ since benzene and isopropylbenzene have been success- 
fiilly formylated without them. In the formylation of chlorobenzene 
and benzene, “ it is claimed that the addition of titanium chloride is 
advantageous. 

A pre^ure of 500 Ib. per sq. in. has been suggested as satisfactory for 
formylation of isopropylbenzene.® In the formylation of benzene “ a 
presure of 1000 lb. per sq. in. was generally used althou^ a pressure as 
low as 300 Ib. was not appreciably les effective. As the pressure is in- 
creased from 700 Ib. to 1000 Ib., the yields gradually reach a constant 
value asj-mptoticaUy. 

Usuall\' twice the length of time is required for completion of a formyl- 
ation at atmospheric pressure as compared with high pressure (sis or 
seven hours versus three or four). 

Temperature. A temperature of 2-5-35' in foimylations imder pres- 
sure is often adequate,® although .50-60° has been fotmd useful in certain 
reactions.®-’-^ Hi^er temperatures with a fixed ratio of aluminum chlo- 
ride affected the yield of benzaldehyde from benzene unfavorablv when 
the reactions were run beyond an optimum rime; — tarry residues con- 
taining anthracene and triphenyhnethane derivatives increased in 
qnantity.®^ At atmospheric pressure a temperature range of 35— iO’^ ligg 
been commonly employed. 

Reagents and Apparatus. Since the Gattermaim-Koch reaction in- 
volves two solids, two gases, and a liquid, good agitation is necessarv 
whether operating at high or atmospheric pressure. 

Carbon monoxide may be formed by the action of concentrated sul- 
runc acid upon formic acid. Tor high-pressure work it is convenient to 
use the gas obtained in cylinders imder SOO lb. pressure. 


THE CATTERSIANN-KOCn BEACriON 207 

In reactions at atmospheric pressure the hydrogen chloride, generated 
as used or from a cylinder, and the carbon monoxide may be combined 
and introduced into the nsetion mature through a common gas inlet. 
A convenient apparatus for thb purpose has been described by Coleman 
and Craig.** More recently a procedure for simultaneous preparation 
of carbon monoxide and hj-drt^n cliloridc has been discovered.** This 
consists in the reaction of chlorosulfonic acid wth formic acid. It was 

ncooii + aso,u co + na + h*soi 

found adrantageous to add a volume of 100% sulfuric acid equal to 
that of the chlorosulfonic acid in order to reduce the >'igor of the reac- 
tion. By emplo:>'ing an amount of chlorosulfonic acid adequate to 
neutralize 15% of water, commercial 85% fonnic acid may be substi- 
tuted for anhydrous formic acid. 

^\'hcn working under high pressure, the reaction mixture is saturated 
xrith hydrogen chloride and pbeed in the autoclave before it is sealed. 
The carbon monoxide is then introduced. 

The addition of nickel carbonyl to a mature of the aromatic compound, 
aluminum chloride, and hj'drogcn chloride has served as a source of 
carbon monoxide in the formylation of benzene, toluene, s^rlene, and 
mesityleno.” The jnclds, however, ate lower than in the usual method, 
and anthracene compounds appear to be formed in significant amounts. 

If the reaction is carried out at atmospheric pressure, the reactor con- 
sists of a glass vessel fitted with an agitator, a gas inlet extending as 
near to the bottom of the flask or jar os possible, a thermometer, and 
an edt tube fitted as a bubble counter.** 

For high-pressure work the catalytic hydrogenation rocking autoclave 
sold by the American Instrument Compaiiy has been satisfactory.® 
The autockivc should be lead lined to prevent corrosion.®-** Copper hag 
been reported to be satisfactory as a liner.*® The use of on iron auto- 
clave has been reported,** but the possibflity of corrosion is a known 
risk. None of these metals Las any tnonn adverse effect on the reaction. 

EXPERIMEirrAL PROCEDPEES 

p-Tolualdehyde. (Atmospheric pressure, independent generation of 
carbon znonoxido and hydrogen ddoride, cuprous chloride carrier.) 
This prep.aration has been described in detail by Coleman and Craig in 
Organic Syntheses.** 

•* ColemMi and Crai£, Ort S]/nlhr3t*, CoO, Fot S. SS3 (IW3). 

" Bert, Compt. rend.. SU, T7 

" Ilopff. U. S. pat. 1.976.6S3 [C.A„ ZS, 7263 (1931)). 
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>-PIienylben 2 aldelivde.^' (Atmospheric pressiire, cuprous chloride 
carrier.) A stream of dry carbon monoxide and hydrogen chloride is 
passed for eieht hoars into a rreU-stirred solution of 60 g. of biphenyl 
in 240 mL of dry benzene containing 90 g. of anhydrous aluminum 
chloride and 12 g. of cuprous chloride at 35-40°. After standing over- 
night the dark-colored semi-solid product is poured on ice. A yeHov 
oil separate- The mixture is steam-distilled to remove benzene and 
unchanged biphenyl. The residue is extracted vrith ether, the extract 
is vrashed vrith dilute hydrochloric acid and vrith vrater, and the ether 
is evaporated- The semi-solid residue thus obtained is shaken vrith an 
exces of a saturated solution of sodhun bisulfite, and after twelve hours 
the brown bisulfite compound is filtered, washed vrith ethanol and vrith 
ether, and warmed vrith aqueous sodium carbonate. The aldehyde is 
then collected, dried on a porous plate, and crystallized twice from 
petroleum ether (b.p. £0-100°). The yield of pale yellow plate, m-p. 
60°, is 52 g. (73%). 

p-Isqpropyibenzaldehyde.*'* (Him pressure, no c-arrier.) A mixture 
of 210 g. (1.75 moles) of isopropylbenzene and 315 g. (4.05 moles) of 
benzene is saturated with hydrogen chloride and placed in a lead-lined 
rocking autoclave. Then 2-55 g. (1.92 moles) of alumiaum chloride, 
which has been ground to 20 mesh, placed in a 1-in. layer in a shaliovr 
porcelain dish, and raked every fifteen minutes for two hours to induce 
hydration, is added. After the air in the autoclave is displaced with 
carbon monoxide, carbon monoxide is added until the pressure is 500 Ifa. 
per so. in. The pressime is allowed to drop to 300 Ib, per so. in. The 
carbon monoxide pressure is returned to -500 Ib. per sq. in., and the 
proces is repeated until there is no pressure drop. The time of absorp- 
tion is two and one-half hours, after which the reaction is allowed to 
proceed for another hour. The temperature of the reaction is 25-30°. 

The reaction mixture is hydrolyzed by pouring it onto 2.5 kg. of ice 
acidified with 5 mL of concentrated hydrochloric acid. The lower water 
layer is removed, and the oily layer is washed whh .500 mL of water and 
then with 500 ml. of 5% zqueous sodium carbonate solution. It is 
filtered to break the emulsion- After the lower alkaline laver iip- sepa- 
rated, the oily layer is washed twice vrith 500-ml. portions of water. 

The oil is charged into a round-bottomed fiask headed by a 35-in. 
uactionating column pacXed with glass helices, klost ot the benzene is 
collected at atmospheric pmssme. IVhen the temperature of the liouid 
in the distilling Sasx reachs 131°, the fiask is cooled to room tempera- 
ture and the distfilation is continued under a vacuum of 135 mm. This 
permits recovery o: 40.-5 g. of isopropyroenzene (b-P- 95°/13-5 mm.). 


>5 i=. ref. 0 is £ ccrdsrisd tst 
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The system is cooled, and the vacuum is lowered to 35 mm . The next 
fraction consists of II g. of beomldehyde (b.p. 83-SS“/35 mm.) con- 
taminated with a small amount of isopropylbenzene. On further dis- 
tillation at this pressure, 126 g. p-isopropylbenzaldehyde (b.p. 131- 
133“/35 mm.) is obtained, & yield of 60% based on the aluminum 
chloride and the unrecovercd isopropylbenzene. The yield of 2,4-diiso- 
propylbenzaldehyde (b.p. )51-153V^ mm.) obtained on further 
distillation is 25 g. A re^due of about 25 g. remains. 

Generation of Carbon Monoxide and Hydrogen Chloride from Formic 
Acid and Chlorosulfonic Acid. An Erlenmeyer flask of suitable capacity 
is fitted wth a twn-holed rubber stopper. In one opening is placed a 
tube to lead off the generated gases; in the other is inserted a dropping 
funnel whose tip has been draAvn to a capillary and whose over-all length 
permits the tip to be near the bottom of the flask. The dry generator 
is charged with the desired amount of technical 90 - 98 % formic add. 
Chlorosulfonic acid is placed in the dry dropping funnel and allowed to 
fill the capUlary, Tlie flow of chlorosulfonic acid into the formic acid 
is regulated by the rate of escape of the resulting gases. The rate of 
evolution of the gases can be increased or decreased by raising or lower- 
ing the temperature of the generating flask. The gases produced are 
anhydrous, and, therefore, no drying towers arc needed. 

I^en commercial 85% formic acid is used, the abo^’e apparatus is 
changed by the addition of a pressure equalizer between the top of the 
dropping funnel and the outlet tube, as shown for the hydrogen chloride 
generator of Fieser.” The 85% formic acid is placed in the dropping 
funnel and added through the capillary to o mixture of equal volumes of 
100% sulfuric add and chlorosulfonic acid. No drying towers are 
necessary. 

In Table II are listed all the examples of the Gattermann-Koch reac- 
tion that have been found in the literature through 1946. 

** J^ser, Exptrim^yilt in Orfanic CAefwtrfrjr, p, 391, C. Heath and Cp., Haw York 
IWl. 



TABLE II 

CoMrotiKDS Prepared bt the Gatteeuass-Kocii Reactjon' 


SUrtla,*: Material 

Product 

ndd 

7c 

Pr^-^urc j 

! R-fer- 
1 ence 

Ilieh 

pheric 

Bearenc 

Benxaldehyde 

G.J 

-f 


21 


Benialdeliyde 

s.> 

ri' 


, c 


Benzald*‘hyde 

00 * 


-f* 

1 4 


Benzaldehyde 

— . 

-r 


;22, 24,35 


Bemaldehyde 

— > 


-f- 

20 


Bcnzaldehyde 

21 1 


-f 

17 

Toluene 

p*ToluaMehyde 

85 

-r 


1 G 


p-Tolualdehydc 

S3 • 


-r 

1 4 


j>-Toluald'“hyd9 

— . 


a- 

1 1. 32 


p-To!uaIdchyde 

53 


•f 

! 2 


p-ToIuald^hydc 

let 


4 . 

17 


p-Tolualdebyde 

46 


ri* 

28 


p-T ol ual dehy de 

54 J 



! 27 

Ethyibcnrene 

p-Eihylbeazaldehyde 




-f. 

1 

CbloTobenaene 

p-C!ilorobenzaldehyde 

70* 


-f 

4 


p<!idorol>e nzaldehyde 




C. 13 

/<T/-Butylbcnipne 

p-Uri-B ut>-Ibenzaldehyde 

— . 

1 -r 


5 

Is opropj'lbe me ne 

p-t‘oprop3*lbcntald'-hyd-e 

60 

-r 


9 


p-Bopropylbentaldehyde 

1 



o 


p-Liopropj'lbcnialdehyde 

— - 

-f 


^ 33 


1 2,1-DibopropyIbc-nialdehyde 


4 . 


9. 33 


2.4-DE’oprowIbcntaldehyde | 

■ 



8 

terf- Amyibcnj e ne 

jWert-Amylbenraldehyde 1 

■ 



5 

Cyelohexj'lberuenc | 

jvCyclobexj'ibeniaJd^yde 

■ 



5 


p-Cyclohex>'lb^nialdchyde 

14-10 


1 *f 

1 7 

(3-iIcttiylc>'dohezi'l;- 

p-(3-MethylcycIohcxyl)bcn*aIdehyde 

— 

4 - 


s 

benzeoa 






m-Xyleae 

2,4-DungthyIbePtaldehyde 

4C 



0 


2,4-DifnctbyIbenialdehyde 

20t 


4 . 

17 


2,4-DimethylheDta3dehyde 



4- 

2,32 

o-Xylene 

3,4-DLcjethylben*aldehyde 




4 . 

1, 32 


3,4-DimetbyIbenxaldehyde 

5S 


4 , 

2 

jh-Xylene 

2.4*Ditne t hylbe nzal dehyde 

— 


4 . 

1 


2.4-DiiacthyIbcnxaldehyde 

45 


4 . 

2 

DiLsopropylbeaiene 

Diisoprojo'Ibenzaldehyde | 

— 


4 - 

8 

j>-CjTnene 

Dusopropylraethylbenraldebyde } 

. — 

4 - 


8 

DiisopropyUoluece 

DiUapropj'bnethylbeaaaldebyde } 


4 . 


8 

Dii.soprop>*l-^r-tetra- 

Diisop70p>’l-3r-t«trabydroaaphlha!de- 

— 

4 - ■ 


8 

hydro naphthalene 

hyde f 





Diisopropj’lsyiene 

DiisopTopyldisietbylbenialdfibyde 1 

. — 



S 

Pseudocumene 

2 ,4 ,5-Trime Ibylbenzaldeby de 

oC 



2 


2,4^Trimethyn>enzaIdebyde 




34 

Mesitylfins 

2,4,0-Tricietbylbenjaldebyde 

80 



2 


2,4,6-TrinaetbyIbenzaId£hvd9 




1. 32 


2,4,6-TrimevhyIberuaIdehyde t 




17 


2/4,&-Trimetbylbenialdebyde J 



; 

27 

Biphenyl 

p-Phenylbenzaldfebydg 

30 



2 


p-Phesylbeaialdehyde 

73 



16 

H}*drindens 

5-Hydrin denal deby de 




o 

Tmophens 

2*Tbiopbenald^yde 




18 

Cyclohexane 

l-^Ietbyl-2-cydobeiaDons 




19 

Dim et bylanSine 

Crystal Tiolet Jeoco ba.se 






Triisoprops’lbenzens 

Diisopropylbenzaldehyde 5 




8 


T carbonyl vraa used as the fiouroe of carbon rconozide. 

+ Niclcelous chloride was used as catalyst, 
j Orientation trakno-wn. 

= Farbenfabriken vorm. Friedr. Bayer. Ger. pat. 9S.706 [FriS., 5, 97 (1597-1900)]. 

“ Mealy, TJ. S. pats. 2,15S,31S-9 iChem. Zentr., 193S, I, 338S). 

“John, Gunther, and P,athmann, Z. -phytiol. Chem., 268, 104 (1941). 

“ Denman, Krebs, and Borchere, Tech. Mitt. Krupp FecA, 6, 59 (193S) \CJL., 33, 6257 
\l9o9) j. 
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rNTRODUCTIOK 

The Leuckart reaction is a process for the reductive alk^-lation of 
ammonia or primars' or sccondarj* amines bj- certain aldehydes and 
ketones. It is distinguished by the fact that the reduction is accom- 
plished b}' formic acid or a derivative of formic acid and should be 
compared -w-ith the reductive alkylation using hydrogen discussed in 
Chapter 3 of Volume IV of Organic Beadions. Tne reaction is carried 
out bj' heating a mbrture of the carboni'l compound and the formic 
acid salt or fonnj-I derivative of ammonia or the amine. Primarj- and 
secondary amines produced in the reaction often are obtained as the 
formyl derivatives and must be recovered b\' hydrolysis; tertiary amines 
are obtained as the formates. The reaction may be illustrated by the 
foUowing equations. 

>CO -f 2HCO-Nai >CHNHCHO -h 2S-0 -f NH 3 -f CO- 
R R. 


R' R' 

>CHNHCHO -f HiO -» X^HNH- -f HCOjH 
R R 


Leuckart ^ discovered the reaction in an attempt to prepare benzyl- 
idenediformamide, C6H5CH(NHCHO)2, by heating benzaldehyde vrith 
formamide in an experiment patterned after the preparation by Roth - 
of the corrKponding acetamide derivative. The reaction ivith formam- 
ide vas found to take a different course, leading to benz\'lamine and 
its formyl derivative, dibenzylamine and its formyl derivative, and 
tribenzj-lamine. Ammonium formate tras foimd to react in the same 

aud co-Trarheis, Ber., 18, 2811 (1535); 19, 2123 (1SS6); 20. 104 (ISSi): 
22, 1409, 1S51 (1SS9). 

* Both, Aon. Chm. 154, 72 (1S70). 
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W33' as the amide, and benropbenone could be converted to bonzo- 
hj'drj'larame b^' the use of conditions somewhat more drastic than those 
required with benzaldehyde. Leuckart’a tTperiments with aliphatic 
aldehydes and ketones were not extensive,* but Wallach * and ICijner * 
applied the reaction to manj* such compounds. The method received 
little attention from other investigators until Ingersoll and his associ- 
ates • re%-icwed the subject and applied the reaction to the sjuthesis of a 
scries of substituted a-phenetlylamincs; since the appearance of this 
work the method has been cinplc)j*ed extensively. Among the better- 
knomi modifications of the process are the preparation of trimethyl- 
amine ^ from ammonia, formaldehyde, and formic acid and the Esch- 
weiler-Clarkc procedure for the mcthylation of primary and second- 
ary amines by the aid of formaldchj'de and formic acid. 


MECHANISM OF THE REACTION 


A single mechanism capable of accounting for all the variations of the 
Lcuckart process can be postulated on the basis of the decomposition 
of the ammonium salt or of the amide, by thermal or hj’drob’tic means, 
respectively, to formic acid and ammonb or an amine. The base so 
formed may then react irith the carbonyl compound to give on addition 


product I I which is reduced by formic acid to an amine 

\ N<(/ 

; reaction of this amine with more formic acid leads to 


the salt or the amide. Tbese t ransformations appear to be the only ones 
concerned in the fonnation of a tertiary amine from a carbonyl com- 
pound and the formate or formyl derivaU\’e of a secondary amine, but 
there are numerous other possible intermediates in the synthesis of 
primary and secondarj’ amines. For e.xatnple, the addition product from 
a carbonyl compound and ammonia or a primary amine may imdergo 


• I«jc]carl. y. prait. 0>fm.x {3} 41, 330 (ISOCO, 

• WaUica uid co-worke«, (a) Btr.. *4, 3902 (1891); W ^nn.. S69. 347 (1892) ; (c) 272. 
100 (1693) : (rf) 2T6, 290 (1893) l (<) 389, 33S <1896); (f) 309. SS3 OS9S). (e) 343, 54 (I90S). 

‘ Kijoer. J. Tfua*. Chem. 31. 877. 1033 (1899); S3, 3Sl (1900) [J. Chem. Soe. 
(AU.). 78 (i). 277. 333, 629 (1900)). 

• Ingersoll. Crown, Kim. Beauchamp, M«I Jemunca. <7. Am. CA«n. Sx., BS, ISOS (1930). 
7 Somraelet and Ferrand, flail, loe. chim. Franca, 14J SB, 446 (1924), 

• EsohweUer, fler., 38, SSO (1905). 

• Clarke. Gdlespie, and Weisahaua, J. Am. CTem. floe., 85, 4571 (1933). 
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loss of -water, and the imine so formed may be the intermediate which is 
reduced to the amine (equation 1). Furthermore, when formamide is 


OH 




NH— 



\ 

HiO d- C=X— 

/ 


2CH) 
> 


CH) 


\ 

CH— XH— -f HiO 

/ 


\ 

CH— XH— 

/ 


( 1 ) 


present in the reaction mrsture (either added as such or produced by 
dfihvdration of ammonium formate) it may ^ve rise to an addition 
product capable of reduction directly to the formyl derivative of the 
primary amine or of dehydration and reduction to the same substance. 


OH 

\ / 

C 

/ \ /• 

XHC 

\ 


o 

\ / 

CHXHC -b H.o 

H 


O 


H 


0 


(2) 


O 


C=XC ^ CHXHC -f H;0 

/ \ / \ 

H H 


Ji the reacting amide n derived from a primary amine the addition 
product caimot undergo dehydration but must be reduced directly if it 
participates in the reaction. The formyl derivative of a secondary 


OH 


O 


O 


c— X— C CH— XC 

/ ! \ / ! \ 

H H S H 


(3) 


amine (HCOXRj) carmot give an addition prodnct: evidentiv the first 
step in its reaction must be bydroljiis. 
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Imines, ^C=N — , and addition products from carbonyl compounds 

and ammonia or amines, ^C— were suggested in the preceding 

paragraphs as intermediates in the Leuckart reaction, intermediates 
which are reduced by formic acid. BenzalanDine, a representative 
imine, is reduced almost quaatitatiTe] 5 ' to beozylaniline bj^ heating at 
140-160'’ with triethylamiaonium formate.** No examples are available 
of the action of formic acid on the addition product of a carbonyl com- 
pound and ammonia or an amine; but p-dunethylauiinophenylmeth 3 ’l- 
carbinol, a rdnj’Iog of the addition product from acetophenone and 
dimethylamine, is reduced to p-dimethylaminoethj'lbenzene in poor 
jneld by heating at 130-135“ nnth triethj'lammonium formate.** Formic 
acid could not be used in these reductions since it led to the formation 
of resinous materials. 


NfCfft), 

din Ah 


^fuch of the study of the mechanism of the Leuckart process 
has been concerned with the reactions invoh’ed in the formation of 
primary amines. Inasmuch as the experimental temperature (160® or 
higher) usually employed is alwe that at which ammonium formate 
rapidly generates formamide and water it has been considered that 
fonnamide may be the true reagent e\-cn in preparations in which 
ammonium formate is employed. However, acetophenone in diethj-lene 
glycol at 120-130® does not react with formamide over a period of fifteen 
hours, whereas with ammonium formate under the same conditions a 
10% yield of a-phenethylamine is obtained in four hours.*® At the 
higher temperatures ordinarily used, formamide could furnish ammo- 
nium formate in the foUowing way. 

>0=0 + HCONH, >C=NCHO + H»0 

HCONH, + H»0 HCOjNH, 

In experiments with acetophenone and formamide at 165-173®, the 
addition of anhjtlrous calcium sulfate brought do\TO the jneld of a- 

Aloxandef and Wxldman. J- Am. Chfm. Soc.^ 70, 11S7 OtMS), 

“ IneersoU. Brown, I.evy, and Ilaj-nes. personal coramuaientjon. 

^ Davies and Ilogvfs, •/, CAroi. Set., 1744, 126. 

® Crosslsy and Moore. J. Ort. CVm- 7, S59 (17(4). 
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plicncUiylnniino from 30% to The avnilnblo evidence docs 

not permit one to exclude either of the mechanisms shown in equa- 
tions 1 and 2 on p. 301; both mechanisms may be oi)crativc under 
npproijriate experimental conditions. 

Tlio reaction between bnnzojdienonc nnd formamitlc is catalyzed by 
ammonium formate, mapnesiuin cliloride, or ammonium .sulfate, and it 
ha.s been sugRcsted that the cjitalyst polarizes the carbonyl group and 
thus facilitates the addition of formaniido or ammonia. ‘='’ 

Formyl derivatives of j)rimary nmine.s are .stable sub.stance.s, and 
many of them can be heated to 200° without undergoing any eliange. 
When they are heatcrl to tlii.s temperature in the pre.'-enec of Raney 
nickel, however, they furnish ketones.’-*’ Formyl derivati\’es of .second- 


CcnsCHCir, 


> 

200 * 


Ctiiicocir, 


Niicno 


ary amines undergo the same reaction, but the yields of carbonyl com- 
pounds arc poor.'-” 

CcHiCIICII, CJIiCOCH, 

j 200® 

CHjXCHO 


SCOPE OF THE KEACHON 

The method appears best adapted to aromatic aldciiydcs nnd water- 
insolublc ketones boiling at about 100° or higher. Higher aliphatic 
ketones, aromatic aldehydes and ketones, nnd certain terpenoid ketones 
have been used sueccssftdly, with yields of 40-00%. The application of 
the reaction to aliphatic aldciiydcs nnd ketones of lower molecular weight 
has been very limited. The method is dcfinitel 5 ’ superior to that involv- 
ing the formation and reduction of aldoximcs and ketoximes and has 
succeeded where the reduction of oximes is unsatisfactory, particularlj' 
with compounds in which functional groups are present that are readily 
attacked by many reducing agents. Thus, the Leuckart method gives 
an 82% yield of pure a-p-chlorophenethylamine from p-chloroaceto- 
phenone, whereas the reduction of p-chloroacetophenone oxime with 
sodium and ethanol, sodium amalgam and acetic acid, or by catalytic 
means, proceeds in all instances with extensive removal of the nuclear 
halogen. p-Bromoacetophenone and, wi-nitroacetophenone are readily 

Webers and Bruce, J. Am. Chem. Soc., 70, 1422 (1948). 

M 6 ta 5 ’er and Mastogli, Compt. rend., 226, dSr (1947). 
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converted to tho corresponding amines without disturbance of the 
halogen or nitro group. 

The reaction is not limited to ammonium formate or formamide. 
Methyl formate has been used with a few primary' amines. Substituted 
ammonium formates, such as inonomcthyl' or dimethyl-ammonium 
formate, react satisfactorily and lead to (he formation of secondary and 
tertiary’ amines of mixed lyyie that cannot be obtained easily by other 
methods. Thus, the N-mcthyl, N-cthyl, and N-butyl derivatives of 
«-phcncthylamine are prepared in yields of CO-70% by the action of 
methyl-, ethyl-, and butyl-ammonium formates on acetophenone.'*''^ 


Methylatioa of Amines with Formaldehyde 

The simplest aldehyde, formaldehyde, reacts very readily, and it is 
dilRcult to prevent the formation of tertiary amines. Formaldehyde 
reacts \rith ammonium formate and formic acid, but trimethyJamino is 
the product isobted in highest yield.* Formaldehyde was first used 
alone * for the mcthylation reaction, but Clarke • obtained better yields 
( 80 %) by using an excess of formic acid with the formaldehyde. One 
molecular proportion (or a slight excess) of formaldehyde and two to 
four molecular proportions of formic acid are used for each methyl 
group introduced, indicating that it is mainly the formic acid that 
supplies the hyrirogen involved in the reduction. Tho reaction is carried 
out on the steam bath. This variant of the l-cuckart reaction, as men- 
tioned earlier, is commonly known os tho Eschweiler-Clarke procedure. 

Ethylamine,* piperazine,* anabasinc,'* the benzylamineB,*'^"' phen- 
ethylamines,'* and metho-vyphenethyJaminea ’* react to give almost 
theoretical yields of tho corresponding tertiary amines. Secondary 
amines react as readily as primaiy amines to give the corresponding 
methyl derivatives although N-benij'l-S,4-dimetlioxyphenethyIam- 
ine ” gives unsatisfactory results, probably owing to partial cycliza^ 
tion.** Dibenzylamine gives a 76% yield of the anticipated methyldi- 
benzylarainc, 6-12% of a more vobtile base, probably dimethylbenryl- 
amine, and a similar amount of beneaWehj'de.* Further application of 
the process is illustrated by the complete methylatioa of ethylenediamine 
and tetramethylenediamine in yields of 92%. 

“ Novelli^ J. Am. Chtm. Soe.. 61. 620 (1039). 

« Busch and Lefh^lm, J. praU. CAm, pj TT, 81. 83 (lOOfi). 

“ Orechoff nnd NorVin*, Ber., 66, 724 (lOX^. 

” Decker and Becker. Ber., 4S, 3401 (lOlS). 

” Buck and Baltily, J.Am. Chem. Soe.,U. 161 (lOlCO . 63, 1004 (1941) j 61, 2203 (1942) 

“ Buck. J. Am. Oum. Soe., 66. 1TO9 (1034). 
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The reaction fails with compounds in which strongly polar groups are 
attached to the nitrogen, sxich as amides, urea, guanidine, and hydrox}'!- 
amine, as these appear to 3 -ield liydrcxjunetliyl flerivativcs only. More- 
over, the reaction cannot i>c applied successfully to the methylation of 
aniline, which on warming with formaldelwdc and formic acid is con- 
verted into condensation products of high molecular weight.” On the 
other hand, it is reported that formaldehyde reacts with jj-toluidinc in 
an excess of 90% formic acid to give dimethjd-p-toluidine,” and with 
2,4,6-tribromoanilinc * and mcsidinc,*' in which the active positions in 
the benreno nucleus arc occupied, to fonn the dimethyl derivatives in 
73-77% j’iclds. 

Some of the amino acids can be metlndated by treatment with formal- 
dchj'de and formic acid.’ For example, glycine j'ields CO-70% of di- 
mcthjdglj'cine; complex, non-crj-stallinc products as well as volatile 
bases, mainh’ trimethj-lamine, arc formed also. a-j\minoisobut\Tic acid 
and a-phenjd-«-aminobutjTic acid give 70-80% jdclds of the dimethyl 
derivatives, but the jdeld from 0-aminopropionic acid is onlj’ 38%. 
However, with alanine none of the dimeth}’! derivative is isolated and 
3G% of the nitrogen is converted into methylamincs. Similar results 
are obtained with leucine, glutamic acid, etc., in all of which an even 
greater proportion of the nitrogen is cleaved from the molecule. 

Reactions of Higher Aliphatic Aldehydes 

The Eschweiler-Clarke procedure is essentiall}' .specific for reactions 
with formaldehj'de. Higher aldehx'des usualh' fail to react or react in 
different wa3'3 at steam-bath temperatures. Thus, a mixture of acet- 
aldeh3'de, ammonium formate, and formic acid 3'ield3 no carbon dioxide 
on heating on the steam bath, and from the resulting bases only 2- 
meth3'l-5-eth3'lp3Tidine has been isolated.’ Acetaldeh 3 -de and propion- 
aldehx-de give onl 3 ' tars when heated with mesidine or 2,4,6-tribromo- 
aniline in formic acid.=‘ However, a 6.3% x-ield of X,N'-dibut 3 -lpiperazine 
is obtained - upon refluxing but 3 Taldeh 3 'de with piperazine in formic 
acid for three hours. 

In the Leuckart method, valeraldehx-de reacts with ammonium 
formate to ^ve triam 5 'lamine,'‘' with aniline and formic acid to give 
diamx'laniline, and with methr'laniline and formic acid to give methvl- 
amylaniline. 

” Wagner, J. Am. Chem. Soc., 55, 724 (1933). 

” Eisner and Wagner, J, Am. Cf,em. Soc., 56, 1033 (1934). 

^ EmerMn, Xeumann, and Xlonndres. J. Am. Chem. Soc., 63, 972 (1941) 

” Forsee and Pollard, J. Am. Ctxm. Soc., 57, 17SS (1935). 
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Reactions of Aromatic and Heterocyclic Aldehydes 

When benzaldchydo is heated with an excess of ammonium formate 
to a temperature of ISO® for several hours, 35-i0% of pure tribenzyl- 
amine is isolated, along with varyii^ quantities of N,N-<iibenzyI- 
formamide, dibenzydamine, N-bensylformamide, and benzylamine.* 
Dibenz 3 damine and its formyl derivative are obtained in 10-15% jdelds; 
only small amounts of the monobenzylamine and its formyl derivative 
are isolated. Although a portion of the benzaldehyde remains un- 
changed, as much as 20% is converted into polymerized products. 
When refluxed for five days with piperazine in formic add, benzaldehyde 
gives an 84% jneld of N,N'-dibenzyIpiperazine.® 

Substitution in the ring of the aromatic aldehyde tends to reduce the 
reactmty toward the Leuckart reagents. Although the methoxy- 
benzaldehydes give satisfactory’ yields of the formyl derivatives of the 
amines when treated with substituted ammonium formates,” it has been 
reported that some substituted bcnzaldehydes, such as piperonal, 0* 
nitropiperonal, and the hydrotgr, nilro, and alkyl substituted benzalde* 
hydes, are rccov’ered unchanged from the reaction n-itb formamide at 
lSO-140®; in the presence of a trace of pjTidine, the nitro and alkyl 
substituted benzaldchydes condense to give 40-60% of the bisomides, 
and the hydroxybenzaldehydes give about 65% of the benralamidea.** 

CEO CH(NHCE0)s 

.H.0 

CHO CH=NCnO 

+n,o 

on OH 

A 05% yield of the bisamide ** is obtained by bubbling djy hydrogen 
chloride through a suspenaon of 6-aitroveratraIdehyde in formamide 
for one hour at 45-50®. 

Furfural is reported to be converted to furfurj’lamiae by reaction 
with formamide,” although the yield is not indicated and no mention is 

^ Wbjitin antj ErtfrfmeiVr, ArcA. XStf, StS 

Pandya anil roworkera. Proe. Indian Acod. Sri , ISA, 6 (IWC) [C.A., SS, 6144 (1012)1; 
refeT^nces to cartior papers on tWa work are given. 

” Fetschor and Bogart, J, Ort CAre»« 4, 71 (1039). 

"Nabenhau«r, Ahstrart o! a paper prearaled at tbn Mrd mreting of th« Ameriean 
Cbcmical Bocioty. Chapel XiiU, North GuoUna, April, 1937. 
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made of the presence of any of the corresponding secondary or tcrtiar\' 
amines. N-Methylfurfurj-Iaminc,-' X,N-<]imc{hy]-, and XjX-diethjd- 
furfur 3 -Iaminc are prepared from X-methyl-, X,X’-dimethyl-, and 
N,X-diethyI-formamide. 


Reactions of Aliphatic Ketones 

Acetone reacts ■with a-naphthylaminc and methyl formate in an auto- 
clave to produce isopropyl-a-naphth 3 -lamine.^ Diethjd ketone is 
reported to \-ield 3-aminopentane acetate bj' reaction \vith ammonium 
formate in the presence of acetic acid, and pinacolone reacts -with excess 
formamide to produce the form}'! derivative of methj'I-tcTt-butylcarbin- 
amine in a j-ield of 52%.*' The reaction has also been applied to a varietj' 
of methj'l alkj'l ketones (methj-l prop}-! ketone,^’ mcthj-1 butjd ketone,*^ 
meth}"! amjd ketone,*^- ^ methyl hexj-1 ketone,^ and methv-1 cj'clo- 
hexj'l ketone “') to give the corresponding primarj' 2-aminoallmnes in 
jields of 30-60%. Diprop}'!, dibutyl, and diheptyl ketones give yields 
of 40-80% of the primar}- amines. 

Aliphatic ketones of certain tx-pes have been shorm to be rmsuitable 
for the reaction because of the formation of resinous by-products. Thus, 
minimum yields of primai}' amines are obtained from benzalacetone ® or 
acetonylacetone.^’ It appears that the method is unsuitable for applica- 
tion to a.e-unsaturated ketones. 

Phenylacetone, substituted phenylacetone-s,*^-^ and diphenylacetone ^ 
react to ^ve primary amines in xdelds ran^g from 20% to 70%. 
Secondary and tertiary amines are prepared in lo'sver }ie]ds from these 
ketones in reactions ■with mono- or di-substituted amines and formic 
add; the time necessary to complete such a reaction is longer. 

^ tVp3cTgCT?ter End Jordm. J. Am. Chm. Sor., 67, 4J5 (1945). 

® Speer, V. S. pzi. 2.105,147 IC.A„ 32, 2542 (1P3S>J. 

® KolETaann znd Sliosle, J. .dn. Svz., 66, 1516 (1944), 

® Blitie and Zientj-, J. An. Cf.m. SrK-, 61, 93 (1939). 

^ JohEE apd BetcJi, J. Am. CToti. E<k., 60, 919 (193S). 

= XcrrelH, AnAUi cwx. cTzerJiTja, 27, 169 (1939) [C-i., 34, 1627 (1946)]. 

“BobraE3lS and DraKi, J. Applied C}.m. 14, 410 (1941) (O 4 . 36, 2531 

(1912) J. 

“ Elfa and Hey, J. Crjn\. S'yu, 1543, 15. 

= Saler and 'K'estoa, J. Am. Clm. So-, 63, C02 (1941); 64, 533 (1942). 

* KaJami. and Karmni. 73, 752 (1940). 

^ KaVpT-ii, J. Pljirm. Soe. Javnn. 60. 11 (1940) [C-4.. 34. 374S (1940) J. 

=* Xabenhacer. U. S. pat, 2,246529 [CA.. 35, 6055 (1941)]. 

^ Eajasopalan. Prix. IrA-an Aa^i. 14A, 125 (1941) [CA., 35, 1603 (1042)). 
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Reactions of Aliphatic-Aromatic and Aliphatic-Heterocyclic Ketones 

The Leuckart reaction has been appli^ successfully to many ali- 
phatic-aromatic ketones, such as acetophenone/*' propio- 
phenone,*'^” isobutjTOphenone/® caprophenone,” and iaurophenone,'^ 
with yields ranging from 50% to 85%. Acetophenones mth a methyl 
group or halogen in the ring react as readily as the unsubstituted com- 
pound; the higher alkyl substituted and nitro derivatives appear to bo 
less reactive, giving yields of 15-25% less even though the condensation 
time is longer.*-*^**'**'*® Hydroxyl substituted aiyl derivatives poljTner- 
ize so readily in formic acid that the results are unsatisfactory. 

o!-Acetothienone,** o-propiothicnonc," /S'acetonnphthone,* p-pbenyl- 
acetophenone,* and p-phenox 5 Ticetophenone * readily undergo the reac- 
tion in 40-85% yields. 

Secondarj’ and tertiarj’ amines can be readily prepared from the above 
aliphatic-aromatic ketones by the use of methyl-, ethyl-, butyl-, di- 
methj’l-, or diethyl-amine, aniline, or naphthylamine in place of ammonia 
with the /ojTQJO acid. Yields for the compounds of lower molecular 
Weight are almost as good as with the primary amine, while compoimds 
of higher molecular iveight gi%'e slightly lower yields, and Jaurophenoae 
gives no product when heated with dimetbylamine and formic acid at 
160-1S0® for tweatj’-eiglit hours.** 

^•Benzoylpropioaic acid is reported not to give the corresponding 
&ralne.^^ 

y-Nitro-^-phenylbutjTOphenone is converted to 2,2',4,4 -tetraphenyl- 
azadipyrromcChine (I) in yields up to 33% by reaction m'th either 
ammonium formate or formaraide.**-** The corresponding substituted 
azamethines can be prepared in comparable yields from ■y-nitroi^ 
(dimethylaraino, hydroxy'-, methylencdioi:^-, methoxj'-, and nitro- 
phenyl) butyrophenones, y-nitro-jy-phenyl-p-nietho.vybutyrophenone, 
and y-nitro-^anisyl-p-methoxybutyrophcaone. ^Benzoyl-ot-phenyl- 
propionitrile also reacts m'th ammonium formate to give 2,2',4,4-tetra- 
phenylazadipyrrometbine along with a small amount of the formyl 
derivative of 5-aim'no-2,4-diphtmyIpyTroIe; if formamide is used instead 
of ammonium formate the substituted pyrrole becomes the major prod- 
uct (59%), unless the reaction is run for a -very long time (se\'enteea 
hours), in which event the azamethine again predominates. As might 

In^enoU, Orf. S^/TUA^»(St 3'crf. 9, 503 (1M3). 

“Ott, Ann., 488, 103 (1931). 

** A,-Q., pnt. 211.733 \C*A^ SS, 4C34 (19(2) t 

“ Blicke and Burckhalter, J. Am, Ckrm. Sae„ 6^ 477 (1912). 

*• Rc«era, J. Chen. Soe., 1943, 690. 
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be expected from Ibis obsen-ation, treatment of the isolated pyrrole 
.'th ™nium formate leads to the formation of the azamethme. A 
p„cursor ot the pj-rpolo h.s bMP isolnlcd, but, because ot to h 

SThich it is converted into to PJTTole, .t has not been .denttod m b 
certainty. The mechanism of these remarkable reactions has not been 
elucidated, but the folloudng equations have been suggested to accou 
for the products obtained. 
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2.2'.4,4'-TetrapheDyIai3dipyTroraethiEe 


Benzoins bdiave abnormally rvith the Leuckart reagent, giving chiefl} 
glyoxalines along with lesser amoimts of diazines. Benzoin reacts with 
ammonium formate ’ at 2-30'’ to give tetraphen3’lpj-razine (amarone) 
almost quantitatively along with a small amount of 2,4,5-triphen3'l- 
gteoxaline (lophine). However, a 75% 3-ield of 4,5-diphenylglyoxaline 
and a 10% yield of tetraphen3-lp5Tazine result from heating the benzoin 
with foimamide at 185-230°.^ Similar products are obtained from anis- 
oin, benzanisoin, and p-toluoin. The mechanism shown on p. 313 h^ 
been suggested to accoimt for these products. The addition of acetic 
anhydride to a reaction mixture of benzoin and formamide leads to the 
formation of some N-desylformamide along with a 36% 3-16^ of 4,0- 
diphenylglyoxaline.^'^ N-De33'laniline reacts with ammonium formate 

^XoveUi, Annies aeoc. guim. arzentina, 27, 161 (1939) [C-A., 34, 1659 (1940)1- 
“ Davidson, 'W'eiss, and JeHing, J”, Org. Chem^ 2, 328 (1937)- 
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Reactions of Aromatic Ketones 

* •*!, 1 S oarls of soUd ammonium formate, in 

Benzophenone reacts 'vnth pa exceUent 

a closed tube at 20(>-2Myc>r 

S-ield of formylbenzohydpl^ eontammafed v.-Hh 

anoHc hydrochloric acid. ^ y^^hydrylaminc. With ammonia and 

someofthesecondarj-amme.dibenzonj y *, 2957 

. f ,nc <n,0» or*f«0~. 81. 147 (m3) [CM.. 88. 2057 
®Nordli and Somaglino. Analti osof. 
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formic acid, an 80% peld of the priman* amine is obtained.^ « Fluore- 
none and benzofluorenone « give the expected 9-aminofluorente m 
j-ields of 65-75%. Benzoylbenzoic acid » j-ields chiefly an umdentified 

solid. 


Reactions of Alicyclic Ketones 

Cvclohe-xanone and its derivatives have been converted to the 
corresponding primaiy* amines, accompanied by varjang quantities ot 
the secondan- amines. With more complicated cyclic ketones, ^ch as 
camphor,^^^” fenchone,<-« menthones,-^«-“ car\'omenthon«,“ and 
thuione,^“ the reaction takes place less readily and requires a higher 
temperature or a longer time. Ko reaction occurs with menthone at 
130° for three to four hours,-* whereas an 80% jdeld of menthylamines la 
obtained from the reaction at 180-190° for twentj'-five hours or at 
220-230° for five to six hours. A 20-35% conversion of carvomenthone 
to carvomenthylamines is obtained after fortj'-eight hours of refluxing 
at 130°.” Bomj'lamine is obtained in a yield of 55-65% from cam- 
phor.*' “ Carvone and a-bromocamphor are reported to be converted 
into neutral resins rdth only about 10% of the desired amines being 
isolated.” 


Reactions of Quinones 

p-Quinones also undergo the Leuckart reaction; " for example, the 
diformyl derivative of 9,10-diamino-9,10-dih3-droanthracene is produced 
in the reaction of formamide ivith 9,10-anthraquinone. The free di- 
amine can be obtained by hydrolysis -with alcoholic potassium hydroxide 
o-Quinones, on the other hand, do not react normally but give the 
corresponding pyrazines. Thus, 1,2-anthraquinone is converted to hs- 
anj-dianthracenopyrazine (anthrazine). Acenaphthoquinone, substi- 




^ ilettler, ilartin, Xcrscher, snfi Stsab, IT- S. pat. 2^rG,5b/ [C^A^ 36, 4633 (1942)]. 
° Schiedt, J. prclii. [2] 157, 203 (l&il). 

“ TVegler and Franlr, Ber., 70, 1279 (1937;. 

^"^egler and RGber, Ber., 6S, 10.S5 (1935). 

^ TarbeH and Paabon, J. Am. Soc.^ G4, 2342 (1942). 

« Read et aL, J. Soc., 1926, 22X7; 1934, 231. 

^ Short and Read, J. Chem. See., 1938, 2016. 

^ DicHsen and InsErs:^, J. Am. Chasm. Soc., 61, 2477 (1939). 
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tuted acenaphthoquinones, phenanthiaquinone, chij’scnequinone, etc., 
undergo similar reactions Tvith fomamide. The addition of an aromatic 
aldehyde to a mixture of forxnainide ■with an {xjuinone leads to the 
formation of an oxasole; for ecampic, when chrysenequiaone is treated 
u-ith formamide in the presence of benraldehyde, 2-pheny3clirysene- 
oxazole is isolated. 



Reactions of a Ppazolone and as Oxindole 

4,4-5reth3'lidj’ne-ii«(I-phenyl'S-mcthyJ'5*pjTazoJonc) results from 
the reaction of formamide with l-plieayl«3-roelh3’]-6-pyrazolone, while 
inethylid>Tic-6t«(N-phcnyIorindo!e) is the product from N-phenyl- 
oxindole.” 


HiCC '* C5i 


\ / 
N 




SIDE REACTIONS 

The normal succcssn-e Leuclcart reaction or reactions resulting in the 
iormafjon of the pccondary or the tcrtuirjr amine hare been menfrcrced 
above as responsible for by-products in the preparation of primaiy' and 
secondary amines. Under the influence of the bases present the carbonjd 
comporent of the reaction mixture may undergo condensations of the 
aldol type, some of the products of which may contain carbonyl groups 
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capable of undergoing the Leuckart reaction. iUthough such side reac- 
tions have not been extensively investigated it is likely that they are 
concerned in the formation of the resinous bj'-products sometimes 
obtained. 

EXPERIMEKTAL COItDlTIONS 
The Ammonium Pormate or Formamide 

Aluch has been written about the effective reagent in the Leuckart 
reaction, but no ver 3 ' specific conclusions can be reached. Di^' solid 
ammonium formate was used by Leuckart, ^ and by WaUach in his first 
e-xperiments,^ and the reaction mixture was heated at a temperature of 
180-2.30° in a sealed tube. Later, Wallach obtained better jdelds by 
using a mixture of ammonia or substituted amine with fonme acid. 
Formamide was used by Ott " and IngersoU in the preparation of 
d-phenethylamine from acetophenone. Anhj'drous formamide alone 
is not a satisfactorv- reagent; the temperature required for the reaction 
is much higher, the jdelds are greatb' decrea,sed, and the sublimation 
of ammonium carbonate becomes troublesome. An ammonium for- 
mate-formamide reagent prepared bj' IngersoU ® from commercial arn- 
monium carbonate-carbamate and formic acid gave exceUent results m 
his experiments. 

In manj' instances,^’’ ^ the most satisfactory reagent appears to be 
formamide or ammonium formate supplemented bj* the addition of 
sufficient 90% formic acid to maintain a slightly acidic medium and to 
seiv^e as an active reducing agent. One to three equivalents of formic 
acid is generaUy required, and occasional distUlation of accumulated 
water may be necesary to maintain a suitabh' high reaction tempera- 
ture. The presence of formic acid appears to diminish the aldol-txT)® 
side reactions and traps ammonia that otherwise would appear as such 
or as the carbonate. 

WaUach- used free formic or acetic acid with the intention of suppress- 
ing the formation of secondary and tertiary amines. The use of acetic 
acid with ammonium formate at 155° is reported to result in the forma- 
tion of the acetate salt of the primary amine rather than the formj'l 
derivative; acetophenone and ammonium formate give a-formj'lamino- 
ethj'lbenzene, while the addition of acetic acid is stated to lead to the 
formation of ct-aminoethylbenzene acetate.^* 

The ketone and ammonium formate or formamide are usiiaUy em- 
plo 5 'ed in a molecular ratio of 1:4 or 1:5. The excess of ammonium 
formate tends to diminish the formation of secondary or tertiary amines, 
but ratios hi^er t h an 1 :4 or 1:5 appear to be of little advantage. In a 
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scries of experiments acetophenone the percentage yields of amine 
were 53, 62, 72, and 73, respectively, ■when the molar ratios of reagent to 
ketone were 1:3, 1:3.5, 1:4, and 1:5.* Benzoplienone and formamide 
in the ratio of 1 :6 gi^’e 43% ydclds of N-benzoliydrylfonnamide. Under 
the same conditions benzophenone and ottimoniiim formate gave a 92% 
yield. The addition of ammonium formate or magnesium chloride to the 
benzophenone-formamide reaction nuxture increased the yield of N- 
benzohydryl formamide to 95%; the addition of anunonium sulfate 
was not so effective. With benzoii^enone and formamide in the absence 
of a catalyst the ratio of 1 : 18 was necessary in order to obtain a yield of 
S7%.«>> 

Temperature 

Tlie Leuckart reaction should be carried out at the lowest temperature 
that -n-iU produce the desired product. W'ith dry ammonium formate, 
it has been necessary to heat the reagents in a sealed tube at 210-240® 
for several hours. However, the use of an excess of formic acid or a 
mixed ammonium formatc-formamide reagent has made it possible to 
carry out the reaction at a much lower temperature.* inth such a 
reagent, the reaction can be accomplished by reflu.x)ng at atmospheric 
pressure, usually at temperatures in the range 150-180*; however, 
temperatures of 175-190® for several hours arc required for the con- 
version of hindered ketones of the terpenoid series. Most reaction 
periods have been in the range of sLx to twenty-live hours at ICO-185*, 
but a few reactions with fonnamide liave been carried out by reflating 
the reagents for as long as thirty hours.*' Tlie heating may be inter- 
rupted and resumed as deared. 

In a comparative study of the condensation of o-methylphenylacetone 
with the reagent from ammonia and formic acid, the percentage yields 
of ot,/3-dlmetIvyl-i9-phenethylaniine were 23, 47, and 50, respectively, 
uhen the reactions were run for fifteen hours at 190-200®, 170-180®, and 
160-170®. E.xperiments in which the reaction mixture was heated for 
six hours at 190-200® and seven hours at 160-170® gave yields of 50%. 
With hindered ketones, such as locnthone, camphor, and fenchone, it is 
ad\isahle to heat at temperatures of 180-230® * or at 175-190® ‘ for a 
period of twelve to twenty hours in order to obtain maximum yields. 


Solvent 

Most of the Leuckart reactions arc carried out in the absence of any 
solvent other than the reagents themsdves. Mixtures containing a 
considerable proportion of formamide usually dissolve the ketone or 
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aldehyde upon healing. Howei-er, nitrobenzene has been used as a 
solvent with a few ketones that were insoluble in the hot reaction nu-v- 
ture, and it has been used to increase the reflu.v temperature of reaction 
mixtures containing low-boiling ketones.*-” 


Hydrolysis 

The formyl derivatives obtained as intermediates in the reaction may 
be h}'drolyzed to the amines bj- refluxing with acid or alkali. The use 
of 100-200 ml. of concentrated or 1 ; 1 hj-drochloric acid for each mole 
of ketone appears to be generallj’- satisfactoiy-, and the reaction is usually 
complete in from thirty minutes to one and one-half hours.*- “ When 
the entire reaction mixture is subjected to hydrolj'sis it maj' sometimes 
be desirable to emplo}' concentrated hydrochloric acid, whereas if the 
fonnj’l derivative is isolated and purified a 10% solution of hj'drochlonc 
acid may give better results.” Hydrolysis with 30% aqueous sodium 
hj'drojdde usually requires from rtvelve to twenty hours of refluxing, 
and the yield of amine is not as good.^^ In the alkaline h 5 'drolj'sis of 
the material obtained by interaction of formamide and methyl a- 
phenyl-n-hutyl ketone the j-ield of amine is onlj' 5.3%, but when acid 
hydrolysis is employed the yield of amine is 86% based on the formj'l 
derivative.® However, in the production of certain amines, such as 
thujylamine, it is desirable to hydrolyze the formyl derivative with 
alkali, inasmuch as acid solutions cause decomposition of the product.*^ 

Isolation 

The method of isolation of the free amine directl 5 ’ or following the 
hydrolysis of the formj-l derivative varies with the properties of the 
product and the procedure used in hydrolysis. After an alkaline hj'- 
drolysis, the reaction mixture is extracted with an inert solvent, such 
as ether or benzene, and the amine is isolated b 3 ^ distillation or by con- 
version to the hydrochloride. Following an acid h 3 'drolvsis, the reaction 
mixture is cooled and neutralized with alkali before extraction with the 
inert solvent. Amin es of higher molecular weight sometimes separate 
as cr 3 ’stallme salts directly from the cooled acid hvdrolvsis mixture. 
When a salt of the amine, rather than the form 3 "l derivative, is present 
in the reaction mixture it is only necessaiy- to neutralize the cooled 
mixture with alkah before extraction with the inert solvent. 
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EXPERIMENTAL PROCEDURES 
Tri*n-amylamine ** 

(Use of Ammonium Formate nnd Formic Acid) 

A mixture of 20 g. of valcraldd^'de, 30 g. of ammoaium fonnafe, and 
10 ml. of formic acid is heated in a round-bottomed flask, equipped n-ith 
a reflux condenser and suspended in a paraffin bath. The reaction 
begins at 90*, but the temperature is raised slowly to 130* and main- 
tained there for throe hours. ITie cooled residue is c-xtracted with ether 
to remove the small quantity of non-basic material, and the base is 
liberated from the formate salt in the aqueous solution by neutralization 
^•ith alkali. The base is separated, dried over solid potassium hydroxide, 
and distilled over sodium in a stream of hydrogen; it boils at 265-270®. 


IfjK'Dimethylfurfurylamine 
(Use of Dimcthylformamide and Formic Acid) 

A mixture of 173 g. (2.5 moles) of dimethyl/ormamide (b.p. 145- 
160*) and 54 g. (1 mole) of 85%fonDic acid is poured intoa l-I. distilling 
Bask connected to a condenser. A dropping funnel is fitted into the 
neck of the Bask so that its stem extends below the surface of the liquid. 
The flask is placed in an oil bath, the temperature of which is raised to 
150-155*. Over a period of four to five hours, a mixture of 96 g. (I 
mole) of redistilled furfural and 163 g. (3 moles) of 85% formic acid is 
added from the dropping funnel. The water and formic acid which 
distil are discarded. ^Vhen all the furfural solution has been added, 
the receiver is changed and the temperature of the bath is gradually 
raised as long as distillation occurs. The distilJate is made stronglj" 
acidic u'ith dilute sulfuric add, and the furfural and furfmyl alcohol 
are removed by steam distillation. The acid mixture is then made 
strongly alkaline by the cautious addition of sodium hydroxide solution; 
large amounts of dimethylamine are evolved. The alkaline mixture is 
steam-distilled to remove the tertiaiy amice. The N,N-dimethylfur- 
furylamine, n hich separates from the distillale upon the addition of 40% 
sodium hydroride solution, is nanox-ed and the aqueous layer extracted 
twice mth benzene. The base and benzene e.xtracts are combined and 
dried over solid potassium hjriroride for twelve hours. The soh'ent is 
removed, and the residue is fractionated; the N^N-dimethylfurfuiyl- 
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amine boUs at 139-145“. Redistillation of the lov.-cr-boiling fractions 
j-ields more of the product. The pure base is obtained upon redistilla- 
tion; b.p. 145-146°; yield 75 g. (60%). 


a-(p-lTaphthyl)ethylamme 

(Preparation and U.se of Formamidc-Pormic Acid Reagent from Am- 
monium Carbonate-Carbamate and Formic Acid) 

A 1-1. flask, containing 215 g. (4 mole equivalents of ammonia) o! 
commercial ammonium carbonate-carbamate, is fitted v,-ith a cork bear- 
ing a thermometer that extends nearly to the bottom of the flask, a 
small separatory- funnel, and a v.dde, bent tube attached to a short, 
■wide condenser set for distillation. There is then added cautiously 
215-230 g. (4.1 moles) of commercial 85-90% formic acid. TVhen the 
reaction moderates, the mi.xture is heated cautiously and then slowly 
distilled until the temperature is about 165°. (The same amotmt of 
reagent can be prepared by distillation of 250 g. of commercial solid 
ammonium formate.) To the hot mixture 173 g. (1 mole) of ^aceto- 
naphthone is added, the bent tube is replaced by a 20- to 30-cm. distilling 
column, and the heating is continued ’.%-ith a small flame. Water, am- 
monia, carbon dioxide, and a small amoimt of ketone distil. Some of the 
solid ketone and ammonium carbonate collect in the upper part of the 
colunm. This material may be removed %rith the aid of a little concen- 
trated formic acid and returned to the reaction mixture. The mixture 
gradually becomes homogeneous as the reaction proceeds. 

The distillation of ■water practically ceases when the temperature 
reaches 17-5—185°; the temperature of the mixture is then maintained 
at 17.5-185° for three to five hours. Termination of the reaction is 
indicated when the deposition of ammonium carbonate in the con- 
denser no longer occurs. The mixture is cooled and stirred thoroughly 
•with twice its volume of water. The aqueous layer is separated; form- 
amide may be recovered from it. The crude, water-insoluble material 
is refluxed for forty to fifty minutes with 100 ml. of concentrated hydro- 
chloric acid. The small amount of material that does not dissolve in 
the acid is extracted with sm all portions of warm benzene and discarded. 
The amine hydrochloride crystallizes from the cooled acid solution. It 
is collected and recrystaHized from boiling water; the -.deld is 174 g- 
(S4%), m.p. 198-199°. 
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Methjl-fer/'butylcarbinan^e *■*“ 

(Use of a Solvent, Nitrobenzene) 

To a flask containing the Leuckart reagent, prepared as described in 
the first paragraph of the preceding section, is added 100 g. (1 mole) of 
pinacolone dissolved in 100-150 g. of nitrobenzene. The reaction is 
carried out as described abov^ except that a beating period of about 
eight hours is required and it is difficult to maintain the temperature at a 
level higher than about I50-I60®. The nitrobenzene and ketone which 
distil are returned to the reaction mixture from time to time. The 
nitrobenzene and Unchanged pinacolone are removed by steam distilla- 
tion following the hydrolysis of tlie formyl derivatives. The acid solu- 
tion is then neutralized with sodium hjalroxide, and the amine is distilled 
with steam into an excess of hydrochloric arid solurion. The acidic 
solution is evaporated almost to dryness, treated cautiously with satu- 
rated potassium hydroxide solution, and extracted with ether. The ether 
solution of the amine is dried with sodium hydro.xide flakes and distilled. 
The product boils at 102-103*; the yield is 52 g. (62%). 

a*>-Chloropheaetb;laiiuoe 
(Use of Formamide and Formic Acid) 

A 1-1. round-bottomed flask, to which a narrow side tube has been 
attached for the insertion of a thermometer, is connected by a 19/38 or 
larger glass joint to an upright water-cooled condenser. The top of 
this condenser is joined by a wide, bent tube to a short condenser, 
arranged for downw’ard distillation, and also is fitted with a small 
separatory funnel. The flask is charged with 310 g. (2 moles) of p- 
chloroacetophenone, 370 g. (about 8 moles) of 90-97% formamide, and 
25 ml. of 90% formic acid. The flask is heated with a small flame; the 
mixture becomes homogeneous, and mild ebullition begins at about 160- 
105*. The temperature then rises somewhat, refliixing occurs, and a 
deposit of ammonium carbonate soon appears in the condenser. To 
prevent clogging and to maintam a slightly acidic reaction mixture, 
20- to 25-mI. portions of 90% formic acid are added through the sepa- 
ratory funnel wbenex’cr ammonium carbonate is deposited or the odor 
of ammonia is detected. 

The optimum reaction temperature & 175-160*; whenever it falls 
below about 165-170* accumulated water is allowed to distil (by drain- 
ing the reflu-x condenser) until the temperature rises again. Any ketone 
that distils with the water should be separated and returned. It is 
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necessaiy to add a total of 200-250 ml. (4.5-5.0 moles) of formic acid, and 
the reaction requires ten to fourteen hours, depending upon the average 
temperature that has been maintained. Tlie process maj' be interrup e 
and resumed at any time. The reaction is considered complete when 
ammonium carbonate is deposited only yerj' slowly in the condenser. 

I^Tien the reaction is complete the mixture is cooled and cxtrac e 
with 250-300 ml. of benzene in several portions. The insoluble portion, 
chiefly formamide, is retained for recovery or may be used mthout 
purification for the next run. The benzene extract is distilled to r^ove 
the benzene, and the residue is reflu-xed for about an hour vnth 200 mi. 
of concentrated hydrochloric acid (sp. gr. 1.18). Tlie cold mixture is 
e.xtracted idth benzene in order to remove a small amount (10-12 g.) 
of oily, acid-insoluble material; the benzene ex-tract is discarded. 

The aqueous portion is made strongly alkaline with 20-30% sodium 
hydroxide solution and distilled ivith .steam until practically no more 
■water-insoluble distillate is obtained; about 2.5-3 1. of distillate usually 
is sufficient. About 18-20 g. of nonvolatile, basic residue, presumably 
higher amines, remains in the distillation vessel. The distilled amine is 
extracted with 200-300 ml. of benzene and is dried b 5 ' distillation of the 
benzene. The amine is best distilled under reduced pressure; b.p. 103- 
104° /II mm. ; yield 254-270 g. (82-87%). A small residue of less volatile 
material remains in the distilling flask. 

a-Aminododecylbenzene “ 

(Use of Ammonia and Formic Acid) 

One himdred and five grams (1.72 moles) of 28% aqueous ammonia 
and 88 g. (1.72 moles) of 90% formic acid are mixed carefully and poured 
into a 500-ml. three-necked flask, equipped ■with a dropping funnel, 
thermometer, and do^wnward-directed condenser. The temperatme is 
raised to 160° by distilling out water, and 89.5 g. (0.344 mole) of lauro- 
phenone is added in one portion. The temperature is maintained at 
160-170° for twenty-two hours, and an 5 ' ketone ■which distils is returned 
to the flask at intervals. The formjd derivative is hydrolyzed in the 
reaction mixture by refluxing for eight hours ■with 120 ml. of concen- 
trated hydrochloric acid. After twelve hours at room temperature, 200 
ml. of wa'ter is added and the compact crj-stalline mass of the hydro- 
chloride is broken up ■with a glass rod and collected on a Buchner funnel. 
The o'-aminododecylbenzene hydrochloride is washed three times ■with 
small portions of cold water and recrystallized from boiling water. The 
product weighs 76 g. (78%) and after recrystallization from boiling 
anhj’^drous ethanol melts at 115-116°. 
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c*^o-Chlonjben2j’l)ethyl4inine ** 

(U«! of Fonnamlde) 

A mixture of 21 p. of o-chlorobenaj'l methj-l ketorjo and 50 g. of form- 
amide in a 500-ml. flask is refluxed for thirty hours. The mixture is 
cooled, 100 mi. of 30% sodium hj'droxide solution is added, and the 
alkaline mixture is refluxed for twchm hours to hydrolyze the formyl 
derivative of the amine. After cooling to room temperature, the reac- 
tion mixture is extracted m'th several portions of ether and the combined 
ether extract is shaken nnth 10% hjxlrochloric acid. Unchanged ketone 
may be recovered from the ether laj'er. The amine is recovered from 
the acid layer by the addition of sodium hydroxide and extraction nith 
other. The ether solution of the amine is dried over potassium hydroxide 
sticks and filtered. Drj* hj'drogen chloride gas is passed into the ether 
solution, and the precipitated hydrochloride of as>chlorobenzj’IethyI- 
amine is filtered and dried in a vacuum desiccator. The jdeld of amine 
hydrochloride is 15 g. (52%); m.p. 175-170*. 

K^-DimetbylbeozyUmine * 

(Eschweilcr-CIarkc Procedure) 

One hundred and seven grams (1 mole) of benzylazoine is added, ndth 
cooling, to 235 g. (5 moles) of 90% formic acid. Then 18S g. (2.2 moles) 
of 35% formaldehyde solutiou is added, and the mixture is heated on 
the steam bath under reflax for two to four hours after evolution of gas 
has ceased (eight to twelve hours in all). About 85 ml. (slightly more 
than one mole) of concentrated hjxlrochloric acid is then added, and 
the formic acid and any excess forroaldeb3xle are evaporated on a steam 
bath. The colorless residue is dissolved in water and made alkaline 
bj’ the addition of 25% aqueous sodium hixlroxide, and the mLxture is 
steam-distilled. Tlie distillate is saturated with potassium hj-draxide; 
the oil is separated, dried bj’ healing with solid potassium hydroxide, and 
distilled over sodium. About lOS g. (80%) of NjN-dimetbylbenrjd- 
amiae, b.p. I76-1S0®, is obtained. 

TABULAR SURVET OF THE LEUCKART REACTION 

In the tables which follow, examples of the Leuckart reaction described 
in the literature throu^ 1945 hare been tabulated. It is probable that 
the list is incomplete because the reaction frequentlj’ has been used as 
one step in a sjxithesis without being indexed or referred to ns a Leuckart 
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process. Since many of these reactions -were carried out before the 
development of the modified procedures, it is likely that yields reported 
do not always represent the be,st that could be obtained. The arrange- 
ment of the carbonyl compounds in each table, or in groups of closely 
related compounds within a table, is alphabetical, and for each carbonyl 
compoimd the amines which react with it are also listed in alphabetical 
order. 
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TABLE I 

Lepckabt Reaotoxs tith Aliphatic Aldehtdes 


Aldehide 


Butjnidchrd* 

TcrBMiitibyde 

Forculdehydfl 

BormAldebjde 

PoRsaldehyde 

Borauldchyda 

Bormiddckyde 

Tornuldchyda 

Foraolddyde 

Ponuldabyde 

Farm>Ideli)rda 

fsRuldeli;>d< 

Fsraaldeb)rde 

Ttfsuldabj^ 

Formtldelirda 

FonuIdiAj'da 

ForauUdchydfl 

Tormalddirde 

Fomuldebyda 

Farmaldvhjda 

F^^maldeUyde 

Fonnaldahjda 

FarmaldaVda 

Formaldcbyda 

Formaldahyda 

FormaTdebyde 

Valanldebyda 

Yalanldebyda 

V*]ara]dab/da 


FipCTuma -f- fori&M add 
Ammasa 4* ioraic aod 
!ai>bimD« 4'foniua aad 
itjtami&a 4* formje acid 
^(3,&>Dii&eUiazypheD^1)ctbylaBiAa 
4* fcrmifl add 
d43A'Dimctbeapp1icn)I)ho|n|*>l- 

I ^-P.5-D'inctlioiJTtwr!lf»»pil- 

amiba + farmiaaad 
Etbylamiaa + fonzua acid 
Etbylf aadiacniBa 4- f«mi8 aod 
Tct/aactbj ^ecdiamiaa *4 iarmio 


NJI'-DibutylpipcfasiBa 


NJt-tbmetbrtbmxjIaausB 

N^Dioic(byIbut)lacDiBa 

M^-DiAftb>h942.5-dimctbi>xy- 


K^‘BullHbf^9434~dl^l^tboc7- 
fdkca>1)iai>pron lamina 
HJ<-t>nactbyHli-{2>diiiie(b9i;'- 
(bnyrOrtopytaimiie 
4,N-DimctbjrSafb>lamiBa 
TciraiDctb>l-l>HSiaaiinoetbaBa 
Tctmsrlb>l-l,t-diamjsotiulaDa 


Baaiylbu(>Iaaioa 4 tormMasd 
uyldadccyLamina 4* facava acad 
Bau^lftbjTaffllna 4* fanma acid 
Baeij loMlbj'laaiaa +lsmi»ta4 
SaoaylpMprlaadaa ^ fonnia add 

Dibcnnylamiaa 4 formic add 
,$-PiaclbaiQrpfa«b)l)atbyl> 
idi^tanuoa 4* formic add 
^C4-Mrtboayphra)t)clb}dbaoiyf' 
amiiia4-fcrDiaacid 
T^pcraiine 4- formic aod 
Plpcndma + forcua aad 
- idioa 4- formic aod 
P'ToIuidma 4'farBiia aod 

1,4 d'TribromoaiuLDa+forniiOBitd 
a-Amiaoiaotnjtiyio aod 4 Caanua 

^-ArtuaoprapioLjc aad + formic 
aod 

Clyooa 4* formic aad 
r>PbcDyf-er-aimaobijt)Tia aod + 

Aoilma 4- formic aad 
Mctlr>]anjbira 4* formic cord 


Mclbiftcnaylbtilylaiuna 

UatbylbmyldodccjlamiDa 

UcIbrIbaMyktbylaimaa 

'clbyfbcfuylmrlbolcmiac 

UaObytbcoaylprcpyliaiaa 

' (datbyIdibciDTdmuia 
N.N-Dminbjtff-C.MusrUioiy- 

pbcayfHbobmino 
N-Ucrbymdt-mrtbocypbcS} U- 

atbydiciii>laiiufia 

NJI*-DmiObylia[craaiaa 
K’bfcthytpipvidiva 
N.N-DiaicUiybBcaidina 
I.S-Dunrlbyl'pColoidiria 
f.N4>iairrb>l^d.Kritcomoaai l in* 
-DimrtbylaiiiMMC^lyrio aad 

f-Pimatk) (amioc^aoiBBiuo and 


Almoat 


guaatiUtice 

Almeat 

guasblatii 

guaatitativa 

Almoit 

iIuaBtilatir 
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table II 



PWe^er, U. S. pat. 2^1.245 \CJi^ 35, C275 
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TABLE in 

Letjckabt Reactioss with Aupuatic Ketones 


Aaftosff 
bieUDlkftoce 
Owt-^ptilbtons 
Dii»biity] krtons 
&iKopnip}IkrUiDe 

Methjl VD^l ketont 

kfetkji HTD)-! ketace 
MttkjIbutjlkeUae 
kletkj’l eyclokM} I 
kttoai 

kletkyl brxjl ketana 
klrtkyl k«x}l ketata 

kfaCkj^ Prap>'l k«toa« 


a«-bimcUixlp)i«BTV 

Diphoj laKloet 
Dinntrkl kctoaa 
»£lkklpbRi)lM<tan« 
^fhtarifilxaiitctiat* 
l,i-kl«Uir1eardw>y- 
fbaarUcrtau 
crMeUi) lph(Vb*taa< 
a>Mttk}‘lpliaipbcctaDe 


nraylawtaoi 
PlwiiTUwtaiia 
PkeejbcptoM 
rkrayUcrtona 
Pbev bwtoDs 


PbearbwCocM 

<f'IVapyliil3«aylat*lace I 

a^Tolybcatana 
•>Tal}-URlaii* 


<r^apktkykauBa + ciatk>llam>to| 

Aiiuiioaiiimlorni*t< + M*U«M>d 
Ammaaii + tonue aaid 
Formanudfl -k foraJa aod 
Formamida •k fortcue uzd 
Form&mida + farmia lod 
Ammo nium aafbapato ^haiiiata -k 
hrmkuii 


K-fvpropyWaapkUfbBisa 
' S-Naiia<)M>iun» 

, k.^^DiBe^M-kaptrliumBe 
j E4>Dmatky U-paQtybAiiiB 
I kncptyhauea 
I d'ffaptpbflUDa 

l^rplylaauoa 


Fanaanuda *4* fomio aa*d 
dmnoQJttin ^rboaaCaaafba&itea + 

Ethaaolazmaa •k nackjl foranta 

AouBoajuai atboaaWoibamala + 
(vma *ct4 
Fomamjda 

dsmaoitua aarbataCa + ^MBM 


Ammoaiun fomata . 

Aauaaaiuai orbaaata + fataiatod I 
Ftfoumida 
Faraamda 

Affimafim -k (anja acid 


Xailanuna + fccsuaKid 

Dic(k]l*iiuaa + (enaM aud 
I^ctkj lanuoa + forma aod 

Etk) laolna -k faniua and 
FanURUda 

•(hyUmiae -k forauaaczd 


v^ytiakc^ktkylaaana 

I-OriytaiLUU 

X)rl)lamaa 

jl-PraljlaDMM 

K-Qpdroi7atkykSaicaayUjniai 

S>t>UDa(ki!-Mai<>tun]M 


I M-D>baUvi^pbi9)-laDpaar>V 

Dibaiu) kvbiBamiaa 
Dltaratrykarbiaamaa 
j tfCtM^pbawlaoRepytaBiaa 
l^p^ii>ar<MirayljaDp>a;p>lamta 
‘'.t-Xtrlli)1niad>Ukpkiapl)>a> 


fXPbfayWiaviafaiDjQa 

fkFbraiyliaapfapybiiuaa 

Xf vliay k^likfiiy kiapran famoa 

N'BiHjk^pkraybaoja^pybmaa 

NJ<-Dirlk)H>-pbaa>liioiaoprk 

N«N'DuarUod-^pbtay1uo[aTjp;k» | 

N-EtkrkJX^raybsoiropybauaa 
' ^Fkaio kao;vapy la&iM 
H-llatkykA-pKe^Laopropyk 
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TABLE IV 

Lecckaiit Reactions -nTni Ai.tniATic-AnoMATic and AEiPHATioIlETnnocTa.TC 

KirroNEs 




rrodttrt 

r^id 

% 

Pjtfcreice 

Awtophroone ^ 

kmmoaiua formal^ * 

»-T*henetb>da!T.me 

— 

4:, 40 


Lnanoniym fonaat^ + ftwUc acid < 

a-Bhcnelhj'Umme 

— 

4} 

Acctop?ic»oM ^ 

Imiaomiici carbotate-carlttnale < 

a-Phenetbyiamice 

72-51 

6. 10. <3 

Acctoph'sonc *• 

-f formic tdd 
laiJice 4" lacthyl formate 

K-^-Pbenrlbylaciniy; 

— 

23 

Acclop^ienoM 1 

Satylamice fo?Taie add 

K'Butyl-er-p}>?nflbybn’ine 

78 

13 

Aeetopbfaone 3 

Etbylamine + fo^c 

K'Elbjd-o-pbcnctbyUnune 

70 

13 

Acetopheaoaa J 

Pormaaide 

tr-PbeoMbylamine 


31. 41 

Acrtopbenone ' 

0ydfox>'ethylfonmrrjde 

K-HydroijTtbyWj-pbmetio^l- 

60 

57 

Acctopbecone 

Mrthylamme + formic add 

^*♦^!ethy^a•pbrrcthyIami.':« 

60 

13 

AcetopbsnoM 

a«SapbthyUmioe -f* metbyl 

N-<s-l’b«i>iHb>'t<f*napblh)i- 

— 

25 

Acctopbecoas 

formate 

l^Propaaoiamice 4* formamide 

amine 

K-T-Hydfoiypropyl-tt-pbea- 

42 

57 

j^BroacowtopbeaTO* 

Aamoshia eaf1xjea.te-caxbamate 

etbybmine 

a-p-BromopbctieUjyiaame 

79 

6 

p»Broa2oa«etopb«iocfi 

4- formic add 

Amraonhua formate 

a-j^Bromopbecetbylaar'.e 

G3 

40 

P-Bfosioaoetopirtoo2« 

Batylamloe 4" formic add 

, K-Bolyi-o-;^brtjmoph«:eti>d- 

70 

13 

p.Bfoaoa«topbcaoae 

Etbjdambe 4" formic add 

1 amine 

K-EtbyVa-p-bromopbesetbyl- 

CO 

13 

jHBrtmoaceiopben-TO? j 

Methylarciae 4" formic add j 

K-MelbyWjf-p'bromopbeaetbyl- | 

70 

13 

p-Broi3Dbffptan>' 

Ammoaia 4* fonnic add 

«r-y-Bromopbenyiheptyhmme 

— 

28 

phenoM 





jvBrosiob*xaa3pK*cone 

Ammotiia 4" formic add 

a-p-B romopbenylbexyiamine 

— 

12 

p-Ch]oraacrtopbeao29 

Ammoaia 4* formic add 

tr-p-CbJoropbecptbylamme 

E2 

6 

jvChloToacetop'heaocs 

Ammonium formate 

<i-p>Cfc3oropbeTsetby!aame 

€5 

40 

pjChlwiscrtoplisaoas 

Batjdamms 4* formic add 

N-B a tyi-a-p-cbloropberatbyi- 

60 

13 

jvChloroacetopberwae 

Etbyiamiae -r formic add 

amine 

K-ElbyJ-CT-p-dibropbenetbyJ- 

SO 

13 

p-ChloTOMfitopbesoiiS 

>I eiiylamiue 4" f ormic add 

K-MetbT^-cr-p-dilort^bcaetb)*!- 

70 

13 

p-QiloTobepUna- 

Ammonia 4" formic add 

amine 

o-p-CbioTopbetrylbeptylamme 


12 

phenol 





P-CbloTobexanopbeaons 

Ammonia 4* formic add 

tt-p-Cbloropbenylbeiylamine 

— 

12 

p-DimfithyisiainoUuro- 

Ammoma 4" formic add 

a-^Kmetbyiammopbe2yidod?C“ 

— 

7 

phsuoDi 

p-DodecyiacetopbsDoas 

Ammomum formate 

5^2mins 

cr-p-Dodfcyipbeaetbyiannne 


42, 43 

IsobstyropHenoas 

Formamidc 4" fonrdc add 

a-Pbenytsotxrtytamms 

E5 

10 

Lsnropiicsoas 

Ammosia -}" forme add 

«»-PbenyJdodecyiamms 

78 

12.48 

Lsuroj^ieaoae 

A^iaiclbylamms -*■ tormic add 

Xo product irbea heated at 100- 

— 

12 


Metbyiamine 4" formic add 

170* for bonrs. 

K-Meihyi-a-pbenyidodecyJamme 

53 

12 

p-iletiaiyacetopfceno!: 

« Ammonium csrbonate-carbcsate 

e-p-ilrtbnrypbenstbyiamme 

63 

6 

p^lsibazj^uTopbssDi 

4- formic add 
je Ammonia 4* formic add 

o-P'ifctioiypbeayidodfcyhmme 

- 

7 
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TABLE IV— Co*i/inu<rf 

r tocnoN-s m Aura«TioA»»uTO iKi> Aura-in^ntTiiiocrTcuo 
KEToxia 


Ummotaoia 


r-Mrt!ijWtor^mM 

^MfOixWTtartirDOM 

r-M(ti}bKtci[4iroisM 

lv.XiU«MVtarlrMM 


►IVsrWiopkw** 

fisrwrtwuai 

^\<r(asarbtbaM 

^\«rt«aapktlual 

irA<*telkiMcm 

cHAertal&OTMm 


+ farHU« •ftd 

[tArlimiM 4- lorsM Mil 

ForsiMv3« 

MftAybauM + tinwe mA 
j Aumana + lonni* mJ 
I Xsimocua + Ma 


a.f.Ti>)}lrU}luuoe 

S-ButjW^toljrVOlJ'IwiiM 

^^TfiblrlArbnilM 

a-w-K'UottowUjWun 


AajBoruum €»fboa.t«vb»a>«M 

+ r.rBi< inj 

XauMfliuo e»fboa4U-«»rtM>»«* 

AnSMUua loratU 
Aaflkofii* 4 Mi 
Asoouna 
+ f(irmMui 

AmDanma >MUU 

Aaramnai faraau 
UfAjhaM 4 («aj« 


•.IV»jl[»eMbaiB» 

.J.'.TkiMUDrtk) baaa 


TATIJI V 





















CHAPTER S 


SELENIUM DIOXIDE OXIDATION 


NoimxN Uabjoiiv 
Vnittrtity 0/ ifissouri 
ooNTr.>rrs 

rjoB 

Introdccpios .... 331 

Tire JCxTtfEE OF TIIE RtACTIOV . 332 

The Scope of the Reaction ... .334 

ExFznaasxTAt. CovamoNs 342 

ExFznnrevTAti PRocEotmcs 344 

PrcpMsUon of Sdonium DiotiiJo 344 

Preparation of Phenylglyoxal 34Q 

Preparation of 3,8-DiincihyIq«inoiine-2-alJil«jdo . . . 347 

PrepantJoa of <w-d*‘'-3,4-Ciiolo8(eficdiot .... ... 347 

Preparation of NinHydrin . . 343 

Swsrrr of StLEKrow Dioxcdb OxasTtoss 34S 

nrtRODVenoK 


Although it has been known ‘ for a long time that organic com- 
pounds can be oxidized by selenium dioxide or seleaious acid, only in 
recent years have these oxidizing agents found cxfensiTO application. 
It had been obseri’ed frequently (bat wben cozzzmercial fuming sui/imc 
acid was used as an O-xidizing agent (for example, in the introduction of 
hydroxyl groups into anthroquinone and its derivati\'es) the trace of 
selenium dioxide present in the acid was the active oxidizing agent.* 
The first practical use of selenium dioxide is recorded in a patent granted 
to the I.G. Farbenindustrie in 1930, which disclosed that 2-methyI- 
benzanthrone could be axidized to benEanthrone'2-carbo.xaIdeh3'de.’ 

* Cmetlzx’a Sandbu^h dcr anortanuchefi CSamifc, Varfaz Chcrofo, Btrlia, 1907, pp, 75^ 
7M. 

• Drady. Srifnee Pr«r-«». S*. 10® (1933). 

' W. Faibenind. A.-Q., Gar. pat. 557,249 (CLd., *7, 3W 0925) J. 
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Soon afterwards (1932), Riley, Morley, and Friend^ undertook a 
systematic study of the oxidizing properties of selemum dioxide ana 
showed that it oxidizes aldehydes and ketones of various types 'to 
dialdehydes, aldoketones, and 1,2-diketones. This represented a marked 
advance in the method of preparation of many difficultly obtainable 
compounds and provided the impetus to many further studies of the 
ojddizing action of selenium dioxide. The results of these studies are 
the basis on which this chapter is mdtten. 

THE NATURE OF THE REACTION 

Selenium dioxide oxidation is applicable to sjmthetic work, structure 
studies, analytical procedures, and a number of diverse reactions. It is 
associated generally -with the conversion of active methyl or methylene 
groups to carbonyl groups as illustrated by the foUou-ing equations. 

RCOCH 3 4- SeOz — RCOCHO -j- Se -f- H 2 O 
RCOCH 2 R' -f SeOj -!• RCOCOR' + Se -f H 2 O 

The methyl or methylene groups can be activated by groups other than 
the carbonyl. Olefins and acetylenes are oxidized at the a-methylemc 
carbon atom to yield unsaturated alcohols. A methyl or methylene 

2 RCH 2 CH=CHR' -i- Se02 -*• 2RCHOHCH==CHR' + Se 
2 RCH 2 CfeCR' -1- SeOz -> 2RCHOHC^CR' + Se 

group adjacent to one or more aromatic or heterocyclic rings is also 
converted to a carbonyl group. In a number of cases, the aldehjffie is 
oxidized further to the corresponding carboxylic acid. 

ArCHj + Se02 ArCHO + Se + H 2 O 
ArCHzAr' + SeOz ArCOAr' 4- Se -f H 2 O 
Certain olefins rmdergo loss of hydrogen and addition of oxygen. 

2RCH=CHR' 4- 3Se02 2RCOCOR' 4- 3Se 4- 2 H 2 O 

Acetylenic compounds which do not possess an active methylene group 
also imdergo addition of oxygen. 

RC^CR' 4- SeOz -o- RCOCOR' 4- Se 

Selenium dioxide can bring about a still different type of reaction 
whereby oxygen does not enter the final product but the reacting mole- 
cule suffers dehydrogenation. Such reactions usually occur in systems 
where two carbon atoms carrying hydrogen atoms are situated between 

‘ Raey, Morley, and Friend, J. Chem. Soc., 1932, 1875. 
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actirating groups. A and A' itay be doubly bonded carbon atoms, 
2ACH,CH*A' + SeOi -» 2ACH=«CHA' +- Se + 2H,0 
carbonyl groups, ester groups, or annaatic nuclei. 

In addition to these more g^eral tj-pes of reactions, sejenium dioxide 
will attack paraffin hj'drocarbcais, alccbols, phenols, mercaptans, sul- 
fides, amines, hj-drarines, omide^ thioanildes, acids, and a large number 
of other substances. 

As yet, no completely satisfactory mechanism has been suggested to 
e.xp]ain the varied behavior of selenium diatide to^vard ibe countless 
organic compounds that it is capable of attacking. Mel’nikov and 
Rokitskaya *■** have publi^cd a series of papers on the mechanism of 
the selenium dioxide reaction. From a study of the rate constants of 
the reactions between selenium dioxide and a number of compounds in 
75% acetic acid, they concluded that the oxidation takes place through 
the formation of an intermediate complex. From simple alcohols they 
were able to isolate dialk>’l selenites which could be decompceed ther- 
mally to the corresponding aldehydes, seleniiam, and ^"atcr. 

Guillcmonat has postulated the formation of selenium complexes 
from a studj* of the axidatJon of 2-mctb3'l-2-buteDe. He believes that 
the follondng scries of reactions can occur with an olefin. (R is a radical 
containing on ethylenic bond.) 


4RCHjU + SeOi (RCHi).Se + 2H»0 
CRCHd^Se + K,0 -» (RCHdjSe + RCR, + RCHtOH 
CRCH,),Se + HiO -» RCH,OII -f- RCH, + Se 


» Mel’nikoT, UtptW Mim., S. 443 (193®) fC-4v 89. 51S0 (1936)). 

‘ Mel’nikor, Fortiehr. CA«a, (Rns.). ». 443 (1936) {CA<7r». Zentr., 19JS, II. 2330). 
r MeJ'iukov aad Kokitskjyft, -T. (/.5-SJ?.* T. 1532 (1937) jCmA-* 81, 8502 

(1937)). 

• Mel'aJior ani Rokitskkys. J. Gen. Chem, X, 273S (1937) S3, 2903 

(193S)). 

azid J. Gen. Chent. U^JSJi^ S, S34 (193S) ((TiA., 33, 1267 

(1939)). 

■■’Mfrmtor and RokJtskaj-*, J. Gen. Ciem. U£.SJi., 8, 1369 (193S) [CjLn S3. 4194 
(1939)). 

“ Mel’nikor Aod RokitjkAy*, J. Gen. Chem, V£JSJt., 9, 1153 (1939) [Cwl., 84, 1233 
(1940)). 

“ Md-nitor »nd Il<>k3lak*r», J. Cen. CW VJS££., ». ISOS (1939) (C.J.. 84. 3676 
(IMO)). 

“ Md-niko? and Jlokitskays. /. Gen. Chan. H-SJSJt, 10. 1439 (1940) (CU, 85. 2400 
(1941)). 

** Md'nikor and XioVit«kaX>, J. Gen. Chen. V£-S-R~, 10, 1713 (1940) {CA.. SS, 3226 
(1941)). 

“ Mel'nikov and ItokiUkiiya. J. Gen. Chen, V£S£., 15. 657 (1915) (C.A., 40, 5702 
(1W6)). 

” Guillcmonat, Ann. cAim., 11. 143 (193W- 
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4stiii Aloulds, and Rilev i-' agree tliat unstable organoselen^ com- 
pounds 'are formed in many selenium dioxide oxidations Hoover 
tber maintain that the intermediate-complex theoix- would require the 
exMence of a large number of difierent types of unstable compoun^, a 
complicated addition of o^gen then would be necesaiy m the late 
stages of the reaction. An investigation “ of the spectra of subst^ce^ 
heated in selenium dioxide vapor suggests that the vapor is capable Oi 
providing oxygen atoms in a very low energy state. This may accom 
for the formation of many unstable compounds. The dehy(Rogenatmg 
action of selenium dioxide indicates that the first- process in 
the oxidations must be the removal of actn-ated hydrogm atoms. This 
may or may not be followed by the addition of oxygen in a low energy 
state accor^g to the nature of the dehydrogenated product. 


TTTP. SCOPE OF THE EEACTIOK 

The oxidation of compounds containing active methyl or methylene 
groups is perhaps the most- valuable reaction of selenium dioxide. Desir- 
able substances may be obtained from aldehydes and ketones. Even 
simple aliphatic aldehydes show the characteristic transformation of 
methylene or methyl groups to carbonyl groups. Acetaldehyde,^ 
propionaldehyde,^-*^^ and n-butyraldehyde,'“’“ for example, 
yields of 90%, 30%, and 40%, respectively, of ^yoxals. In a similar 



CH 3 CHO > OHCCHO 

CHjCHiCHO CHjCOCHO 

SeO* 

CHsCH^CH^CHO > CHaCHjCOCHO 

mannery alipliatic ketones are converted to glyoxaJs or a-diketone5. 
2-Butanone -cix’— u leads to a mixture of ethylglx'oxal (17%) and bi- 
acetyl (1%), demonstrating the ability of selenium dioxide to attack 
both active methyl and methylene groups. Cyclic ketones “ and mixed 



CHjCOCHiCHj ^-4 CHiCH-COCHO -f CHjCOCOCHj 
aliphatic-aromatic ketones ^ ^ve satisfactory yields of diketones. 

^ -istS:. Mcril-i', zz.d J. Ctjr7~^ 1535, GOl. 

^ EnisK-CL! an-i H£“v, Proc. Rrj. S<x. Imdor,, 140A, 375 (1B33). 

^ I=perii2 Cbe=. I--L, Brh. pit. 354.73S (C7.<n. B-iS-., 1932, I, 25S). 

® Eitt, Pilgti=:. iid Hems. J. Cher-.. Sx., 1S3S, 53. 
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cir, 

/\ 

CH, CO 

I I - 

CH, cn, 
\ / 
cn. 


CH, 

/ \ 

CH, CO 
► I I (35%) 
CHi CO 
\ / 

CH, 


CeHsCHjCOCeH, CaTUCOCOCVn, (SS%) 


A large number of substituted beng^I kctwics has been converted to 
diketones in very high yields. 2-Mcthylcyclohe.xanonc “ behaves 
anomalously tvhen treated with selenium dioxide, dehydrogenation as 


cn, 

I 

cn 
/ \ 

CH, CO , 

I ! - 

cir, cn, 
\ / 
cn. 


CII, 

1 

c 

CII CO 

• I ! 

CII, CO 
CII, 


well as oxld.ation taking place. 

Natural products, sucli as steroids and tcrpencs, which contain actfi'© 
methylene groups behave quite normally toward selenium dioxide. 



Cholostanone **■** is converted to 2,3-cholestancdionc (30%). Cam' 
phor**-” and isofcnclione give the cojTB-'ponding 1,2-dikctone.s, 


* Oodchot utd CkuouQ, C<»"i U- rfrwT.. JW. 32<J (IWO. 

“ StxUer ftnd HoK'nhfiin. J. Ckem. ISM, S5S. 

•* CkUow u>d RoKf nbf ira. J. CV«. X*M. SS^* 

** AIImU, SuU. inM. pi... JSJ4. l2T|C-«, SS. J2iS 

** Evkn,. nidpon. ud Simon«(.n. /. CS*".. US*. U?- 

•V#n». Oxnp,. r»nd,St». r:3(l«3). , 

" V»n*, Bu3. tof. »fi. Brrtapw, 1*. 14 OWWWO CTuK IW®’ (<■-<- 730 (twnl 

Suia. «nd lUcktrt. US. 2?1 OW6). 

• Ruih«ntwTb ftnd DeWitonkmym. J. <7*». C**««. 19, 1M3 (1910) lC-4, 8J, 


334«nMl)). 

" RutbeoUevs «nd DtJ^Vtonkw rr^'t. •«»r. •'v 

IC-4..SS, SCS3 (IMDI. 
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SeO. 


3-Beim^Icainplior," ^ on the other hand, suffers dehydrogenation to 3- 
benzylidenecamphor (95%). 

A methylene group situated betireen t?ro carbonyl groups, a carbonyl 
and an Kter group, tvro ester grouping, trro aromatic nuclei, or an 
aromatic group and a carboxyl group generally is changed to a carbonyl 
group. 2,4-Pentanedione ^ yields 2,3,4-pentanetrione. Ethyl aceto- 

CHiCOCH.COCHs CHjCOCOCOCHj (29%) 

acetate® is transformed to ethyl a-.S-diketobutyrate. Diethyl malo- 

s*o» 

CHjCOCH-COiCiHi — CHjCOCOCOiCjHs (35%) 

nate diethyl mesoxalate (32%), monoethyl mesosalate, and 

diethyl oxalate. The last probably results from a disproportionation 

CHjfCOiQjHi). — ^ CO(COiCjH5)- -f C^sO.CCOCOiE -b (CO-C-Hs): 
of the diethyl mesoxalate. 

Diphenyhnethane and fluorene are oxidized readily tn 

ketones. Indene,^’ CTiriousiy, is reported to give hydrindene and a hydro- 

CtEzCOCrMi (S7%) 

S^O: 

O 

Gcir. 65, 276 (1936). 

= ilensr, 66, (1SJ3), 

^ and Eilsv, J. Cr-em. So^ 1S33, 321. 

« thiPcnt, .iJiirti, snd IhCciG, BoS. tx. Am. Frarjx. [i\ 53, S09 (1S33). 

= Il£n»T. J. An. CXin. Son, 56, 20-66 f 1S3J). 

» Por-CTT^Vy a.-.d Bcr, 6S, 652 (1235). 

= Badn?r. J. Cfjrrr.. Sv... 1S41, 5-35. 

’•'iokcmn-.n, J. C}.m. Soc. Jcpcr.. 59, 2v2. 271 (1235) [r s , 32, S052 (1935)1- 







SELENIUM DIOXIDE OXIDATION 


337 


carbon CgHio. Anthracene "•** and 7,16-dihydroheptacenc ” are con- 
verted to quinones, but phenanthrcne ”•** is scarcely attacked. Benzyl 


0 



halides j-ield bcnzaldehyde (49%), and toluene « gives benzoic acid. 


CRjBr CHO 



Triphenylmetliane « is oxidized to triphenylcarbinol (15%). 

Homophthalic acid « and its derivath-es «■« demonstrate the acti- 
vating effect of the benzene ring and the carboxj’I group. 






gJeOia 


“CTar, Ber.. 75, 12S3, 1330 (1SM2>. 

^ ChakrsT&rti and Swf 
(1035)1. 

" Chilravarti and Swt 

..d "■ <■“» 

fC..d., S*. 62M (IWO)J. 


an, J. Indian Ckem. Sec., 11. 715 (1934) [C-l.) *9, I 
/. Imlian CW Sec„ 11. S73 (I931> ICU.. 39. ^2 
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Heteroc-clic compounds are attacked also by selenium .^de ^ 
activated methyl or methylene group. Such groups m pyndine or qum 
oline derivatives are oxidized to cither aldehyde or rarboxj ^ P" 
For e-xample, 2-picoline gives a mb.-ture of P^colmm acid and 
pi-ridinecarboxaldehyde. 2,6-Lutidinc « yields dipicohmc acid, and 



CHs 



-I. 


'CO2H 



'CHO 


2 3 S-trimethylquinoline ^ is converted in 82% peld to 3,8-dimethj-l- 
q’uialdehj'de. The conversion of 5,G-benzo-7-azahydrmdene “ to a -ClO 

StO* 

^*CHj ^ HO;dv 


Ha 



COiH 





■^CHj 5.0. 





CHj 

b' 

CHa ^ 



derh-ath-e illustrates the oxidation of an activated methylene group in a 
heterocj-clic molecule. Selenium dioxide appears to show a greater 

CH: 

•CHi ^ CO 

X 

tendency to form acid denvatrves with the nitrogen-containing hetero- 
cvclic compounds than vrith other substances. 

The oxidation of olefinic compounds by selenium dioxide has led to a 
number of interring and valuable results. ^lany of the materials 
available by this method are obtained only vrith considerable dificulty 
bv other means. The simple oleSns do not imdergo oxidation at the 
o-methylenic carbon atom; hov.-ever, oleSns ■n'hich contain at least five 
carbon atoms behave normally. 2-Pentene is oxidized to 2-penten- 
4-ol, and 2-mEthyl-2-butene jdelds 2-methyl-2-but€ai-l-oL The be- 


CHiCH=CHCHiCHi 
f CH jI 2G OidlO-H.; 


S-Oj 


S^Oz 


sm, Ber-., 73, S39 (ISa). 


“Borsie Esd Hi 
« HeruK, Ber., 67, 750 {1234). 

Bnrgsr End Jlcdlii, J. Am. Cr.fm. Soc., 62, 1079 (1&40). 
® HBer Ezzd BHsrd, J. Sx., 1S22, 2342. 


CH,CH=CHCHOHCHj 

HOCH-C==CHCHj 

i 

CHs 


SELENIUM DIOXIDE OXIDATION 


339 


havior of myrcene shows that sele ni um dioxide is capable of fnlting 
an olefin beyond! the alcohol stage. 

HOCIT, CHiCHj 

\ / \ 

C==CH C=CH, 

/ / 

CHj CHt=CH 


CII, CHjCH* 

\ / \ 

0=CH C=CH» 

/ / 

CHj CH^CH 


and 

HCO CHsCH, 

\ / \ 

C=-CH 0*CH, 

/ / 

CH, Cnj=CH 

Mixture of myreeDofico 

Cyclic olefins behave like aliphatic oleftos. Cj'clohexene “ ^ can 
be a'ddized to l-cyclohexcn-3*ol (60%) and cyclohexenone (G%), 


CH 
/ \ 

CH, CH 

1 I - 

CH, CH, 

V. 


CH CH 

CH, \;H CH, ^CH 

> I I +1 I 

CH, CHOH CH, CO 

V. V. 


3,6-Dunethyl-4i^-cyc]ohaTeDOQe ** is converted to 3*hydro3y«2,6-dj' 
niethylquinone, which indicates tl»at oxidation has occurred first at the 


/ \ 

CH, CH 

H,CCH ecu, 

\ / 

CH, 


C 

/ \ 


\ / 
c 


COH 

CCH, 


methylene group a to the double braid. 11113 does not agree with the 
Usual conception that the carbonyl group exerts the greater acti\"at£ng 
" Delaby and Dupui, BM toe. efttm. ^mee. PI 8. Ml (1838) : X* contr. Mem. 

dim., a, 120 (1039) IC.A.. 33. S3« 

“ Schwenic and Borewardt, Ger. pat. 5S4,3 
“ Atbutov, Zelmskn, and SbuILin, BuB. att 
tea.. 40, 3409 (1940)1. 

** Dana and Schmitt, Ann., 838, 19S GMS] 
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effect, as it does in 2-methyl-A--c3-cIopentenone Cauqui! « has re- 

0 0 

C C 

/ \ / \ 

CHi CCHj ^ OC CCHj 

1 !■ ±2; j '■ (30%) 

CH:: CH CH; CH 

ported that pulegone is oxidized by selenium dioxide in the presence oi 

eth>-l alcohol to a mixture of l-methyI-i-isopropylidene-2,3-cycIohexanc- 
dione, l-methj-l-4-isopropylidene-2,3,5-cyclohexanetrione, l-meth}-I-2- 
ethox3'-4-isoprop.vlidene-o-(or 6-)c>-clohexen-3-onc, and l-methj'M-iso- 
propvlidene-&-ethoxy-o-(or 6')cj'clohexene-2,3-chone. These results 
shou- the effect of activation of different methylene groups b;.' a carbonj’l 
group and an ethj'lenic linkage. 

Simple acetj'lenic hj'drocarbons behave similarh' to olefins. Both 
1-heptyne “ and ethj-lphenj'lacetj-Iene ^ are oxidized at the a-methyleruo 
carbon atom to give S-hj'droxj'-l-heptj-ne (27%) and l-phenj-I-3- 
hydroxy-l-butyne (25%) resi)ectiveh'. The abHitx- of selem'um dioxide 

CHiCHiC^CeHs ^ CHiCHOHCsCCtH5 

to bring about direct oxidation at a double or triple bond is illustrated 
by acetylenes vrhich possess no activated methjdene groups. Diphenyl- 
acetylene “ is oxidized to benzil in 35% yield. StDbene and the 

—5 CtHiCOCOCrHs 

lower olefins exhibit the same tj-pe of reaction. 

SeO* 

C.H;CH=CHC£Hs -I- C^HsCOCOCtHs (S6%) 
CH5CS=CH; —4 CHjCOCHO (19%) 


Selenium dioxide is capable of producing a still different type 
oxidation whereby oxygen doss not enter the finnl product of the reac- 
tion. Tne dehydrogenating action of selenium dioxide has been observed 
in systems where two carbon atoms possesing hydrogen atoms are 


^ Jyzns, Sccrrirt. and EaTiterLStrsncn, Arjr^^ 522, 20 (193T), 
“ Cirr.jt. rerA^ 20S, 1155 

Tror—et, Ccrr.ft.. rerA^ 195, 705 (1933). 

“ TrucHs-, Ccrr.pt. r^A., ISS, 1613 (1033). 
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between two actiTOting groups. 1,4-Diketones, such as 2,5-bexane- 
dione and 3-nieth3'l-2,5-he.tanedione,** are changed to olefins. 

cniCOCHtCiijCocnj cH,cocn=cncocnj (4o%) 

CHiCOCH(Cnj)CH,COCH, CH,COC(CH,)=CHCOCH, + 

CII,COC{CH,OH)=CHCOCH, 

In the last reaction both dehj'drogenation and axidation have occurred. 
A similar dchj-drogenation has been obserx’ed with certain terpenes. cc~ 
Phellandrene is converted to a mbtlurc of cj-mene and cumaldehj'de. 


CH, 

c 



/ \ 

CH, 

cno 

CII CH EeOi 1 

n +f 


CH Ciu 

V 

CII(CH,)i 

cu(cn,), 

cn(CH,)i 


Selenium dioxide also brings about a number of other reactions. For 
instance, substituted chalcoaes*^ are converted in good jnelds to 
fiavones. Diphenylhj-drazinc « yields diphenylamme. and pheayl- 



hydrazine dc^i^-ativos “ are dehydmsenaled to diazooium salts. Numer- 
C.n*NIINHi-IICl C.H.N,*C1- 


“ Armstrone and Robinson. /. 

“Coldborg and Mailer, ffrir. CT.«. Arto, 

« Borgwardt and Sfhrrsnt, J. ^ 6T SS. {I93S)J. 
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ergosterol derivatives, react readily at the temperature of the rvater 
bath. A third class, which includes nearl 5 ' all the derivatives of choles- 
terol examined, do^ not react under these conditions, but reaction 
generally takes place at 100° in acetic acid or nitrobenzene. 

ilost selenium dioxide oxidations can be carried out without the use 
of excessive temperatures. They are usually run at the boiling point 
of the solvent, and the commonly used solvents boil in the neighborhood 
of 100°. However, the oxidation of aromatic hydrocarbons, some 
dehj'drogenation reactions, and the direct oxidation of double bonds 
appear to require higher temperatures. An interesting effect of tempera- 
ture has been obsen-ed during the oxidation of A®'^°-octahj^dronaphtha- 
lene ” in acetic anhydride. At 0-5° the product of the reaction is 
A®'^°-octahydro-l-naphthol acetate; at 25-30°, A®’^®-octahydro-l-naph- 
thol acetate and A°'^'’-octahydro-l,5-naphthalenediol diacetate; at 70°, 

acetate, A®'^°-octahydrO'l,5-naphthalenediol 
diacetate, and 1.2-3,5,6,7-hexahydra-l,5-naphthalenediol diacetate; and 
at 120-124°, only l,2,3,5,6,7-hexah3-dro-l,5-naphthalenediol diacetate. 

The isolation of the oxidation products usually involves mereb' the 
filtration of the reaction mixture to remove metallic selenium, distilla- 
tion of the solvent, and then either crx-staUization or distillation of the 
residue. Onlj* small amounts of selenium contaminate the residue if the 
usual procedure of emplojdng the calculated amount of selenium dioxide 
is followed and the reaction is carried to completion. An excess of sele- 
nium dioxide can be removed by means of lead acetate, sulfur dioxide, 
or other reducing agents. 

ESPERIMEiiTAL PROCEDURES 
Preparation of Selenium Dioxide 


A By Combustion of Selenium in Oxygen and Hitrogen Dioxide.®’ 
The apparatus used is shown in the figure. One htmdred grams of sele- 
nium is placed in the closed end of the tube, and nitrogen dioxide and 



Ca-Tiplyn arA nc-Ti>. J. An. So'., 63, 2721 (1&51). 
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dried o\-Br calcium chloride, are introduced through the Y tube. 
Some regulation of the gas flo\r is necessary to secure the best results. 
The gases must be mixed thoroi^Ij' before coming in contact with the 
selenium. It is desirable to use separate drj-ing tubes for each gas, as the 
nitrogen diaxide contains a great deal of moisture. If a stopcock is placed 
between the nitrogen dioxide dryer and the Y tube, the calcium chloride 
may be changed without interrupting the flow of oxj'gen or the heating. 

^Mjen all the air and mmsture hare been displaced from the tube, the 
selenium is heated strongly with a Bunsen flame. A white deposit of 
selenium diaxide forms on the surface of the selenium but subinnes as 
soon as the temperature becomes suflicientlj' high. 

At the same time, the remaining selenium melts to a viscous mass and 
exxntuallj’ bums with a pale blue flame. The sublimate collects on the 
gas-delireij' tube and on the sides of the large tube. The exit gases 
are bubbled through water and (hen sodium hydroxide solution to re- 
more the oxides of nitrogen. After all the selenium has reacted, the 
contents of the tube are allowed to cool wliile still is passing 

through the apparatus and the selenium dioxide is remen'ed. 

A yield of 114 g. (S0%) is obtained readdy by this method. There 
is alwaj's some loss of selenium due, perhaps, to tho formation of the 
suboxide. The presence of (cllurium as an impurity is the selenium 
also decreases the jdcld. Tellurium remains behind, presumably in the 
form of the oxide which is not volatilized readily. 

The selenium dioxide is obtained in the form of a snow-white product 
which may bo kept in a tiglitly stoppered bottle for an indefinite period 
of time. It may turn pink on exposure to air ns the result of reduction 
by dust. 

B. By Oridstiem of Selenium with Nitric Acid." One hundred milli- 
liters of concentrated nitric acid is placed in a casserole or creporating 
dish which is set on a sand bath. Jlent is applied to the bath, and GO g. 
of crude selenium is added cautiously in small portions to the nitric acid. 
The selenium should be scattered owr the surface of the arid, and tlie 
frothing should be allowed to subside after each addition. By the time 
the reaction is completed, the sand hath should be at a temperature 
siofficicnt to start ereporation. Heating is continued until the residue 
appears drj*. Caro must be takra during (he ereporation and stibse- 
quent cooling to keep the product broken up in order to avoid the forma- 
tion of a hard, compact mass. 

The residue is purified either b>* a wet treatment or by sublimation 
according to the procedure of Lenher.** 

“ Pal-»r imd Mmsou. SynthewfM, J, 119 (IS09>. 

“ Leah»r. .Im. Chrm. J., 10. 455 (ISSS). 
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Wei Purification. The residue is treated uith enou^ rvater to bring 
the selenium dioxide into solution, and, after filtration, 10 mL of con- 
centrated hydrochloric acid is added. A slou' stream of sulfur dioxide 
is pa^ed into the solution until heat is no longer evolved. This requires 
from two to five hours. Red seleniiun is deposited, but it changes to a 
pasty gray form which becomes brittle on standing for a few hours. 
This change is accelerated bj* boiling. 

The selenium is removed by filtration, ground in a mortar, washed free 
of acid, dried, and finally heated over a Bunsen burner. After the mass 
has cooled, it is dissolved in concentrated nitric acid and evaporated as 
described previouslj\ In order to ensure the complete removal of the 
nitric acid, the residue is dissolved in 75 ml. of water and evaporated 
a^in. The yield of white selenium dioxide is about 76 g. (90%). 

Purification hy Suhlimaiion. The crude selenium dioxide, which may 
be contaminated with copper and other heavj' metals present in the 
selenium, is pulverized and placed in an evaporating dirii. The selenium 
dioxide is moistened with a small amount of nitric acid, and two nested 
funnels are inverted over the evaporating dish (a plug of glass wool is 
placed in the neck of the larger funnel). The dish is heated with an 
open flame, and the selenium dioxide condenses in long needle-like 
crystals on the walls of the funnels; m.p. 340°. 

The results obsen-ed bj' Kaplan ^ during the oxidation of methj"!- 
quinolines are of interest. He found that selenium dioxide, freshly 
prepared by the action of nitric acid on metallic selenimn, whether used 
directly or purified bs” sublimation, gave good jdelds of quinolinealde- 
hydes consistent with those reported originally b 3 * Kwartler and Lind- 
wall.®® However, selenium dioxide which was prepared in the same 
manner but allowed to stand for several months before use afforded 
poor yields of the aldehj'des; these yields were not improved by sub- 
limation of such aged selenium dioxide at the time of use. On the other 
hand, if the selenimn dioxide was sublimed immediately after prepara- 
tion and stored, the loss of effectiveness in a given length of time was 
less marked than with the unsublimed material. The change that 
occurred in the selenium dioxide was not determined. 

Preparation of Phenylglyoxal 

In a 1-1. three-necked round-bottomed flask, fitted with a liquid-sealed 
stirrer and a reflux condenser, are placed 60 ml. of dioxane, 111 g. (1 

^ Kapljia, J. Am. Cl«m. Soe., 63, 2651 (1911). 

^ Kwartler and liadwall, J. Am. Chan. Soc., 59, 524 (1937); CHenio and HossartR 
J. Clan. Soc., 1939, 1211. 

Riley acd Gray, Org. Sirnlhes^, 15, 67 (1935), 
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mole) of selenium dioxide, ftftd 20 ml. of wafer. TTie mixture is heated 
to 50-55® and stirred until tbo stJid has gone into solution. Then 120 
g. (1 mole) of acetophenone is added in one lot and the resulting mixture 
is refliuced with continued stirring for four hours. The hot solution is 
decanted from the precipitated selenium, and the dioxane and water 
are removed by distillation through a short column. The phenyl- 
glyoxal is distilled under dimini^ed pressure from a 250-niI. Claisen 
flask, and the fraction boilingat f)5-07^/25 mm. is collected. The yield 
is 93-96 g. (69-72%). 

The aldehyde sets to a stiff gel on standing, probably as a result of 
polymerization. It may be reco\-etcd without appreciable loss by distil- 
lation. Phenylglyoxal may also be preserx'ed in the form of the hydrate, 
which is prepared conveniently by dissohing the yellow liqiud in 3.5-4 
volumes of hot water and allowing crystallization to take place. 

Preparation of 3|3*Dimetli;Iquioolioe*2'aIdeb}rde ” 

A solution of 5 g. of 2,3,$-trimcthylqumolinc and 3.5 g. of selenium 
dioxide in 40 ml. of ethmol is boiled under reflux for sbe hours, and the 
precipitated sclcniurn is filtered from the hot solution. The filtrate is 
concentrated, and 3.3 g. of the aldchjTie is collected in the form of 
straw-colored needles. A reddish solid is precipitated by the additico 
of water to the mother liquor. It is removed by filtration and dissolved 
in 10 ml. of benzene, and the solution is shaken with 30 ml. of a saturated 
solution of sodium bisulfite for one hour. The crystalline addition 
product is filtered, washed with ether, and decomposed 'iv-ith dilute 
aqueous sodium carbonate. Another 1.2 g. of the aldehyde is obtained 
in this manner; the total jdeJd is 82%. The aldehyde is purified by 
distillation under 1 mm. pressure followed by reciystallization from 
ethanol. It forms long colorless needles; m p., 107-108®. 

Preparation of cis-A ^A.3,4-Cholestenediol 
A solution of 25 g. (0.22 mole) of selenium diatide in 10 ml. of water 
and 500 ml. of acetic acid is warmed to 80® and mixed rapidly with a 
solution of 50 g. (0.13 mole) of cholesterol in 250 ml. of benzene which 
has been wanned also to 80®. The mixture immediately turns yellow 
and then red ; it is refluxed on a steam bath for one hour. One hundred 
grams of sodium acetate is added, and, after heating for a few minutes, 
the black modification of selenium is deposited and removed by filtra- 
tion. The filtrate is poured into 1 L of half-saturated salt solution. The 
** Hosenhema imd St&rling. J, CA^^n. 19S7, 377. 
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benzene layer is separated, wasbed witb water, dried over sodium sulfate, 
and concentrated under reduced pressure. The residue, which weighs 
60 g., is suspended in 500 ml. of petroleum ether (b.p. 40-50°), allowed 
to settle in a tall cylinder, and washed t^nce by decantation with the 
same solv'ent. The crude, creamj^-white product (26 g.), m.p., 174-175°, 
is ciystallized once from acetone (Norit) and then from 85% ethanol. 
There is obtained 20 g. (39%) of the m-diol in inch-long, monoclinic 
needles; m.p. 176-177°. 

Preparation of Ninhydrin 

In a 2-1. three-necked flask fitted with a reflux condenser and a me- 
chanical stirrer is placed 55 g. (0.5 mole) of sublimed seleniiun dioxide 
dissolved m 1.2 1. of dioxane and 25 ml. of water. The stirrer is started, 
and the solution is heated to approximately 60-70°. The flame is with- 
drawn, 73 g. (0.5 mole) of crude IjS-diketohj'drindene is added, and the 
resulting mixture is refluxed for six hours. A solid separates during this 
period and is filtered while the mixture is still hot. The filtrate is trans- 
ferred to a distilling flask, and three-fourths of the dioxane is distilled. 
Between 400 and 500 ml. of water is added, and the solution is boiled 
to coagulate the tarry precipitate, which then is removed b 3 ' filtration. 
The filtrate is concentrated by distillation to approximatelj- 250 ml. and 
filtered. The filtrate is boiled with 1 g. of Noiit, filtered again, con- 
centrated to 125 ml., and allowed to stand at room temperature. The 
crude ninhydrin which crystallizes is filtered, the mother liquor concen- 
trated, and a second crop of crystals obtained; the total yield of crude 
material is 36-38 g. 

The impure ninhydrin is contaminated with a trace of selenious acid 
which acts as a bleaching agent and prevents the formation of the 
characteristic blue color reaction with a-amino acids. CrA'staUization 
from hot water with the aid of Norit furnishes 28-31 g. (31-35%) of 
long, colorless prisms of pure ninhydrin which ^ves none of the custom- 
ary tests for selenium and produces the characteristic color reaction with 
a-amino acids. The purified product loses water of hj'dration and turns 
red between 125° and 130°, and finallj- it melts with decomposition at 
241-243°. 


SmTET OF SELEKIUM DIOXIDE OXTDATIOKS 

The following tables list the compounds which have been treated 
with selenium dioxide. The literature has been sur\'ej*ed up to and 
including the August, 1947, Chemical Abslrads. 

Teeters and Shriner, J. Am. Ckem. 55, 3026 (1933). 



SnLCN'rUXt dioxide OXIDATIOX &J9 

T!ic compound'? art* dividwl into tlic following pcctlona, which are 
amngixj in niplmhelicaJ onicr: Acid^ and Acid Derivatives, Alcohols, 
AJiJoh>iJr'», II.Mlrocarljons, Kclonw, Xitwwn-Confainbg Compounds, 
Phenolic Coinpoun<ls, Steroids, SulfuivContaining Compounds, Tcr- 
penes, aiul Mi«cclL\nooiis. 'n»cM> ha%*c been broken down further into a 
numlwr of stib groups which arc lisle*! l>eIow. The nlfempt has been 
made to plieo eompounds nWeh fwilain more Ilian one functional 
group acconling to the most dciminant characteristic. 

Since it lias often been noeessao' to de|>cnd upon abstracts rather 
(ban the original aiiiclc*, omissions of items such ns (he solvents ii«od 
or the 9'iclds obtained do not mean that the data liavc not been 

publialicd. 


rxnrx to tables 


rjtac 

Acid* anj Arid tVri\'allvo« . . . 300 

Arid* 350 

Anhj^lriJof 350 

IVtcn 351 

Almholi 352 

AUidydM . . 353 

Ilydrocartiuns 353 

Alkant** 353 

OU'fm* ... 353 

Diotcfins ... . . 35t 

CycluAk-Cfts . . . . 351 

Acetylene* . . 350 

Arnrnatic nydrocariieM 357 

Sulwtilutol Aromatic tlydru- 
carboua . . ... 353 




Ketones 35S 

Monidetoncs ... ■ • 353 

Ditrlono* 304 

TriLctones 3G5 

Kitropm-Cuntaioing Compound* . 360 

Amine* 360 

IlydraiinfS SOC 

IfetewjTlie Compound* . . 307 
Misevllsneoas ... ... 360 

riien)^ CompouniU .... 369 

Sicmida . . 370 

SuKur-Containirig CompoumU . . 375 
Terpene* . ... 870 

MisccUaDcuu!! ... . 3St 
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Acros a:q3 acid derivatives 


Corapound Trested 

t 

Soh-ent | 

J 

1 

f 

Prodaci | 

Tidd 

Vc 

Eefer- 
ence * 

Acids 

J 

< 

3,AT)iin=truisvtorrio- 

1 

Xylene i 

2.3-Dimetiaxv- 

_ 

43 

plithslic acid 


Dhthalonic add 



djO-DimsthoiMioiEO- 

Eylsne 

m-ODianic acid 


42 

pEihaHc scd 





5,6-D5in£thosvi’ODio- 

Xykae 

v-Opiaaie add 

— 

42 

phthf.lic add 





Homjyattlialic scd 

Ayleae 

Pntiialonic add 

SO 

42 

HvdrCKiysiiic acd 

(CHcCO)iO 

SeleahiTD -f- nnidead- 


S3 

I 


£sd products 



Esjidc add 

Xcne 

Undecene 


ss 

Xfitidce 

Xoae 

CcH-^XO 



l>TTiliidc add 

CHjCOiH 

Not iadated 


15 

5-Me*'^ orriioiaoTiIi^^ c 

Xylene 

■Ailetfcocsvplithalouic 


43 

add 


, acd 



4^5-Mediyleiisdioiv- 

Xylene 

Ao-Methvisnedioay- 


-i-i 

tcrdooatiiaHc acd 


Dhtiialonic add 



Myrisdc add 

Xoae 

Trfdeceae 


SS 

Paimidc add 

'Sone 

Pentadscene 

— 

S3 

Phea-osvacedc add 

HrO 

Dipben osTTscetic acd 

- 

S4 



sekaodds 



Prcraiodc add 

— 

PrruTic add 

j 

41 

Pvravic add 

CHiCCVH 

Xot isolated 


15 

S'leadc add 

Xcne 

Heotad-cene 

_ 

ss 

Xhi-CK^’sziic acd 

E^) 

fe -r COc d- SO<'' -f 

: _ 

62 



H- d- NEi^ 

1 

} 


Axstdhidss 

Acetic adhvddde 

j Xoae 

1 

\ GiToxTilc add 

; 17 

S3. S3. S7 

1 ^-r&:athyPl,2,3,6- 

1 {CEiC0):0 

5 1^-Diinethvk6- 

: 

100 

tetrshydrophthailc 

1 

\ 

i acetoxv-I.2,3.6- 


f 

arAydnds 

f 

1 tetrahydrophtbaiic 

! 











SELENIUM BlOSlDE OXIDATION 


351 


ACIDS AND ACID DERtV'ATIVES-C<nU.nufrf 


Compound Treated 

Sedvent 

Troduet 

Yield 

Refer- 
ence * 


I^cthyl cjTlopenteno 

Dioxatte 

Diethj ] cy-rfopenlanc- 

_ 

101 

l,3-clione-2,WicftN 


l,3,4-triotie'2,^ 



boTjlato 


dicarboxjlatc 



Djelh}] ghUcomto 

aii<X!,n 

Djcthxl kol^e^ula- 

-> 

302 



rofkoto 



Diethyl suJato 

None 

Diethyl diketosueri- 

— • 

17 


1 

1 

na(o + diethyl lu* 
marato + ethyl by- 
diogen meao'cMato 
+ ouhe acid 4* 
malic arid + ethyl 
hydrogen malato 



Diethyl ttutlocutte 

' None 

l^thyl mesotalato + 

B2 

19,33,83 

1 1 

monoelbyl ester of 
meaoxaho add 4- 





1 

diethyl oulalo 


ir 

UtcUiyl ^kctoglutikratQ 

1 None 

Ethyl <i,d'dikcto* 
butyrate 

Diethyl dihetosued- 


Diethyl succisate 

' None 

— 

33 


Date + diethyl fu- 

— ' 




marate + ethyl hy- 
dregea fumarate 

40 


Diethyl tartrate 

None 

1 Diethyl hclohydioxy- 

11 

103 


auccinato 



Dimelhyl fartnilo 

. ^nii« 

1 Dimethyl fumarate 

“ 

103 

Ethyl acctoaectato 

Xylene 

Ethyl wjt-diketo- 




butyrate 



Ethyl lactate 

1 None 

1 Ethyl pyruvate + 

— 



OllCCOCOsOiIIsor 

OHCCHCOjCrn* 






OH 



Ethyl jJ-methj l- 

Dioxano 

^Pb»siyl-A»i*- 

butenoUde 

~ 

104 

Ethyl p-phcnyl- 

None 

r Nnn^Tnie aciil 



propionate 

Tetrahydrofurfurjl 

cii»co,n 

No reaction 

- 

105 

aeetato 





— 
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ALCOHOI^ 


Compound Treated 

Solvent 

Product 

yield 

% 

Defer- 
ence * 

Benzyl alcohol 

hTone 

Benzsldehyde 

100 

33 

n-Butyl alcohol 

iCone 

Ethylgls-oxal 

[ Trace 

33 

2,2-I)imesitylethanol 

— 

hlesitil 

— 

106 

Ethvl alcohol 

iSone 

Glvoxal 

41 

7, 33 

Isobutyl alcohol 

— 

Diisobutyl selenite 

; — 

7 

Methanol 

— 

Dimethyl selenite 


7 

o-MethylaHyl alcohol 

(CiHsliO, 

a-Methylacrolein 

62 

107 


QiHsO^ or 





diojiane 




^-Methylallyl alcohol 

Hexj-1 alcohol 

^ifethylacrolein 

50-60 

lOS 


or dioxane 

i 



n-Propyl alcohol 

2s one 

Methylglyoxal 

Trace 

7,33 

Tetrahvdrofuifuiyl 

Isone 

No reaction 

— 

109 

alcohol 





AUDEHTDES 

Acetaldehj'de 

Xone 1 

Glyoxal 

90 

4, 11, 19 

n-Butyraldehyde 

None 

Ethylglsroxal 

45 

4, 11, 19 

Cinnamald^yde 

2sone 

Hvdrodnnamic add 

— 


Crotonaldehyde 

CHjOH 

g-Methoxy-o-keto- 

19 

87 



butvraldehvd e 




(CHjCOliO 

P-Acetoxy-o-keto- 

— 

87 



butyraldehvde i 




H;0 or 

Polj-meric ^-hydrosry- 

— 

87 


Uid^COjH. 

o-ketobutyrald©- 

i 




hvde 




(CHiCOliOd- 

Diacetate of croton- 

— 

87 

• 

CHsCO^H 

aldehyde 



Heptaldehyde 

CHjCOjH 

Not isolated 

— ! 

11 

Homopiperonal 

— 

SjA-Meth-clenedioxs- 

i 

110 



ohenvlelvoxal 



Isohutyraldehyde 

CH:CO.H 

Not isolated 

— 

11 

IsoTsleral d eliyde 

CHjCQ^ 

Not isolated 

— 

11 

Paraldehyde 

Dioxane -r 

Glvoxal t 

74 

111 


CH.CO 2 H 




Phemdacetaldehyde 

Xone 

Phens-l^voxal 

35 

4 

Propionaldehyde 

None 

Methylglyoxal 

30 

4,11, 19 

• EefpTgsces 0^224 sre os 

pp. a£2-es<>. 





t Isclated Z2 tie addition prixjsrt- 
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Compound Treated 

StJvent 

] 

Product 

Yield 

% 

Refer- 

Alkames 

Ethane 

Ixo™ 

Glyoval + aectieaeid 
d* carbon dioxide 

- 

1 48 


OLErrvs 


Ethylene 


Glyoxal 

82 

4S. 57, 
112, 115 

1-lIexene 

CIIjCOjTI + 
(cn*co)rf) 

S-nexeD-l-ol acetate 

+ l-h«eB-3-ol 
acetate 


16 

2-MetIiyl'3-buteno 

cnjCOjTi + 
(CIIjCO)jO 

Z-Mctbyl-Z-butcn-l- 
ol acetate 

tsopreoc + o'glalde- 
byde + (islic 
alcohol 

- 

16,48 

2-MethyI*2.pentoQe 

(JlljCOjIl + 

(crncoto 

2-Methyl-2*pcii<ei>*l- 

olacetale 

"" 

16 

8*.>leUkyi*S-peQt<Qo 

1 

CUtCOtll + 
(CH,CO)jO 1 

J-MctbyW-pentcn-S- 
ol acetate + 3* 
elbyl-2-butcn-l-ol 
acetate 

1 

16 

a^Methyl-^pcntene 

cn,co,H + 
(cn»co),o 

SPMetbyl-N^pe&ten-tf- ! 
ol acetate 

— 

16 

3-NoneDQ 

cn,co,H + 

(CIIiC0),0 

1 Mbrtura of acetates 
of nonenots 

- 

16 

4-Nonene 

ciijCQ,n -f- 
1 (CH»CO)sO 

1 Mixture of acetates 

1 of Donenols 


16 

Olefiaa 

r 

Olefin oxides, glycols, 

1 etc. 


114 

2-Penteiie 

cn,co,H + 
(CHiCOhO 

S-Penten-t-ol acetate 


16, 48 

;z,3-i>unetliyJ-3-pcntcne 

cnjCO-H + 
(CUiCOiO 

!t-I*opropyl-2-buten- 
l-ol acetate 


16 

tf-ftenyt-S-pentene 

cnjCOiH + 
(ducohp 

3-Pheayl-3-pecteo-2- 
ol acetate 



Propylene 


Metbylglyoxal 


48, 57 

Stil^ne 

TC/ino 

Benxil 

S6 

17, 36 

Styrene 

— 

No reaction 

— 

4S 

2,2,3-Trimethyl-3-pen- 

CHjCOjH + 
(CIIjCOJsO 

24crt-Butyl-3-buten- 
l-ol acetate 


16 


1 99-024: 
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HYDROCARBONS— Ccm/mufiJ 


Compound Treated 

Solvent 

Product 

YYeld 

O' 

70 

Refer- 
ence * 


DlOLEriKS 



l,6-Djb)pheaylEne-l,5- 

hesadiene 

CjHiOCHj -r 
CHiCO;H 

1,6-Dibipbenylcne- j 
hexatricne ' 

— 

115 

1,3-Pentadiene 

■ 

3-Pentene-l,2-diol 1 

i 

116 

1, 1 ,6,6-Te^T3pIlenyl-l,5- 
l!e.•c2dieae 

CHiCO'H 

l,l,6,&-Tetrapbea\'I- i 
hexatriene 

50 

115 

I,l,5,5-Tetraplien3*l-1,4- 

pentadiene 


l,l,2,2-Tetra-(3,5- 

dipbenylvinyl) 

ethane 

60 

117 


CtcIjOOIXFTSS 


Cydohexene 

CHiCOjH 'T* 
(CHsCOiO 

l-Cydohexen-S-ol 
acetate ■— cydo- 
hsxenone 

50 

6 

16, 50, 51 


(CH3)jCO -f 
H-O. 

j7tJn5-Cvdoi''=T2nediol 

45 

116 

Cydopentadiene 

— 

Cydopentene-3,4- 

io! 

— 

116 

Cydopentene 

(CHjCO)^ 

CyclopsTiteiiol acetate 
4" c^'clopentendiol 
diacetate 


53 

DihydrOT3-di<^dopezita- 

diene 

CHiOH 

Methyl ether of di- 
hydio-Q-dicydo- 
pentadisn-3-ol 

! 

SS 

i 

QiHjOH 

Ethyl ether of dlhy- 
dro-cr-dicydopenta- 
dien-S-ol 

60 i 

i 

S3 


CsHuOH 

Amyl ether of dihj"- 
dro-a-<ii cy clopenta- 
d5ea-3K)l 


88 


(CHjCO)^ 

Dihydpo-<2-di(^do- 

pentadiea-S-ol 

acetate 

73 

8S 

I>3iydroiiorGicyclo- 

pentadieae 

CHsCO^S 

IHhydro-exo-dlcyclo- 

pentadiea-S-ol 

acetate 

33 

IIS 


* Eeferezicea S3-334 ar- cn pp. 2S2-2S3u 
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m-DTiOCMOiOSS-Ctm/iniud 


Compound TrrntrJ 

Solvnit 

Trodurt 

Yield 

Hofer- 
cnce • 


CtcloOUFixs — Continued 



D»h>-d«>o-triotl‘>’ 

penUdiono 

(CIUCO)^ 

Dih)^iT>^,rif}-elo- 

pcobhiionO-oI 

MrtAtc 

SO 

SS 

Dihydro-fl-uicytlo- ' 

pcnudicn« 


Diii 5 <lro^trieyct<>‘ 

prnUulicn-3-ol 

61 

SS 

1,2-DiniclKj Icytlo 
htXfne 

aijCOsii + 
(ClIaCO):0 

2>DlmethyH.3. 
♦j-elohcxadienc + 

TO 

16, 119 

J,0*Dimcl}ij l< 3 -cIo 
hcXcM 1 

nijCOjH + 
(ciijOahO 

S.O-Dime-fhj J - 1 , 3- 
ryclohcxadienc + 
^x>knc 


16, 119 

I'Ethjlcjrlohcxrno I 

CltiCOjH + 
(cniCO)iO 

l*r.thjl«>Tlc 1 iexcti- 6 - 

ol IttTtAle 

23 

16 

I'Ethjlcyclopcntcne 

CH, 00,11 + 
(CJJ,C0).-0 

l*Etl>> Itytlopf ntf re 
S-ol »<«tAIC 

19 

16 

l*Methyl^ctohcscn« 

C, 11*011 

l*Mfthyl<>Tlehpxcn« 
O-oi + J'ftjclhjJcy 
floh«fft- 6 -oiio 

35.27 

SO. 120 


0,0 

I-Mfthylfyclohcxcn- i 
tone 

00 

SO 


01 , 00,11 

1 

l•Mrtl»)|pyfloh^^x^n• 
&«l M«UtO 

40 

89 

3-MelhjIeyclohcscno 

,011,00,11 + 

1 (CII,CO)K) 

1 

6 -Mctl»> Jcy tloliCTcn* 
3-ol + 4- 

mrthylcyclobexen- 
3-ol + 1 -methyl* 
cyelohcxene -f- 
' (olueno 

i 

1 


011,00,11 + 
(ai,co)rf> 

C-Methylcyclohcxpn* 
3-ol -f- 4- 

mcthylcyclohexen- 
3-oI acet«to 


119 

4-MeUylcyclohcxeno 

oiuco-n + 

(CII,C0),0 

4-,5-. end 6 -Methytcy- 
clohexcn-3-ol 


16 


on, 00,11 + 

<CII,CO)rf> 

6 -Melhyltyclohcxc 2 i- 
3-ol efctftto + 4- 
mcthylcyclohexen* 
3*ol en^tats 4- 4- 
inelliylpyclohe.'cen- 
l-ol negate 


119 


* lUfetanoM nSH *n on ;p. SS2-)SS. 
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HYDROCARBONS — Ccmlinued 




Product 


Refer- 

Compound Treated 

Solvent 

% 

ence * 

Ctclooixftss — Continued 

l-Methylcj'clopentene 

(CH 3 C 0)20 

l-Methylcydopenten- 

— 

i 53 



o-ol acetate 



l-YIetlivl-2-scc-iH>- 

C 4 HSOH 

Not isolated 

, — 

121 

octj-1-1 (?)-Q'clo- 
pentene 





9-YIethj-loctaliydro- 

(CH3U0)20 

ct*-9-Methyloctahy- 

17 

122 

naphthalene 


dro-3-naphthol 

acetate 



A®- ^'’-Octahydronaph- 

(CH3CO)20 

A®-*®-Octahydro-l- 

65 

90 

thalene 

(0-5°) 

naphthol acetate 




(CHcCOjO 

A®’ “-0 ctahy dro-1- 

35 

90 


(25-30°) 

naphthol acetate - 7 - 
A®’*®-octahydro- 
1,5-naphthalenediol 
diacetate 

12.0 



(CH 3 C 0)20 

A® *°-Octahydro-l- 

17 

90 


(70°) 1 

naphthol acetate -r 
A®- *®-octahydro-l,5- 

1 




naphthalenediol -r 
1,2,3,5,6,7-hexahy- 
drD-l,5-naphtha- 
lenediol diacetate 

! 



(CH3C0)20 

1,2, 3,5,6, 7-Hexahy- 

— 

90 


(120-124°) 

dit>-l ,5-naphtha- 
Icnediol diacetate 



l,l,3,5-Tetrainethyl-2 4- 

CH 3 C 02 H 

2,2,4,4-Tetraincthyl- 

— 

123 

cyclohesadicae 


3,5-cyclohexadien- 





one 



l,l,4-TrTmclhyl-3-<yclo- 

QiHiOH 

l,l,4-Trimethvl-3- 

— 

124 

hcpteae 


cycloheptcn-5-one 
-7- l,l-diinethyl-3- 
cyclohcptene-4-car- 





boxaldehyds 



ACEnXENXS 

Acetylene 

I 

j Xonc 

Glyoxal 

' G 

! 4S, 12.5 

Pheaylacetykae 

1 None 

Benzoic add 

— 

36 


• Tl'^rrrr.r^ C*!>-32-< ar^ c?2 fp. SST-CS^ 
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HYDROCARBONS— CwjftViuecf 


Compound Tre&tftd 

Solvent 

Product 

Yield 


AcErTLKHES—OlWMMlueif 

1 

Dipheaylacetylene 

Inom 

1 Benzil 

1 ^ 

36 

I'Phenyl-l-ppopyno 


' I'Pbenyl-S-Iiydnjvy- 

' 23 

' 50 



1 1-butyne 



I'lleptyne 

i Cjiijon 

3•HvldIOXV-l•hl^at^•ne 

27 

55 

l-Oc(yno 

' CiUiOll 

3-IIydcovy*l-octyne 

~~ 

55 


Aromatic Htdrocarboss 


Aecnaphtheno 

Nono 

Aeenapbtbyleno + 
ew-accnapblhene 
glycol + ffa7«“ 
Rceoapbibene 
glycol 

25 

19 

126 



Accnapblbylene + 
srCDapbtbylcne 
glycol + polyace- 
iiApbtbylese + di- 
Daphthjlcnecyclo- 
bU(RDO 


127 

Antbracece 


Anlhraquinone 

76 

36 

1 

CJIjNOj 1 

ADlhiaquinoDO 

73 

17, 36 


IIjO 

Anthiaquinono 

70 

I27a 

Benzene 

■Mfwifl 

Not isolated 

— 

128 

Bibonzyl 

n™ 

Bend + 
etilbcne 

33 

17.5 

I 17 

Chrysofluorene 

HiO 

Clirysofluoreno&o 

SO 

i 37 

l,2,5,6*Dibenzofluorene 

HsO 

l,2A6-Dibcn*oflu- 

orenooo 



1,2,7,8-Dibcnzofluorene 

IIjO 

1,2,7, 8-Dibenzoflu- 
ocenono 


129 

3,4,5,6-Dibenzofluorene 

n,o 

3,4,5,(i-Dibenzoflu- 

oienooo 


129 

1 , 2, 8, 9-D j benzopen ta- 

CWI*NO» 

l,2,8,tI-DifaenzopentA- 

tene-6,13-quinone 



D.lO-Dihydroanfbrseene 

cHjCOjn 

Anthiaceno 

CO 



,SS3-3S«. 



33S 


ORGANIC EEACnOXS 


HYDROCAEBOX&— Gtmiinuai 


Compound Treated 


Solvent 


Product 


Yield Refer- 

% ence * 


Aeomatic Htdbocaeboks — Coniinued 


7 ,l&-I>ihydrolieptacene 

C^^02 

7,16-Heptaceiie- 

quinone 

■ 

39 

6 , 15 -Diliydrohexacene 

j 

Cjlo-Hexacene- 

quinone 

B 

39 

IHplieBylmeihane 

None 

Benzophenone 

87 

31, 35, 36 

Fluorene 

HiO 

Pluorenone 

65 

36, 37 

Hexahydropyrene 

CHaCOiH 

Pyrene 

60 

127a 

Indene 

— 

Hydiindene -r CgHio 


38 

9 -MethvldecaUn 

— 

No reaction 


131 

QS-OctahydroanthTacene 

H;0 

Anthraquinone 


127a 

j-Octahvdroanthracene 

HiO 

Anthraquinone 


127a 

Phenanthrene 

None 

Phenanthraquinone 

3 

17, 30 

Polvbenzyl 

Dioxane 

No reaction 

— 

132 

Toluene 

— 

Benzoic acid 

— 

41 

Tripbenylmethane 

None 

Triphenylcarbinol 

15 

35 


StTBSTlTCTED ArOZIATIC HtDEOCASBOXS 


Benzj*! cUoridc 

None 

Benzaldebyde 

49 

35, 40 

2,4-Dinitrotoluene 

CiHsOH or 

No reaction 

— 

35 

dioxane 




p-Nitrobenzal bromide 

None 

p-Nitrobenzoic add 

— 

35 

p-Nitrobenzyl bromide 

None 

p-Nitrobenzaldehyde 

50 

35 

7(7)-Nitit>-l,2,5,6-di- 

H:0 

7 (? )-Ni tro- 1 , 2, 5,6-di- 

— 

133 

benzofluorene 


benzoSuorenone 



p-Nitrotoluene 

None 

p-Nitrobenzoic add 

— 

35 

2 , 4 , 6 -Triiutrotoluene 

CiH-OH or 

No reaction 

— 

35 

dioxane 





KETONES 

Mokosetoxes 


A ec* toincsi t yicno 

Dioxane 

Mesifylsdyoxal 

S 2.5 

I 3 { 

Acetone 

None 

Methylgh-oxal 

60 

!, 10 , 12 . 
19 , 135 - 


i 



133 


r arfft-'KCT"! »rr cn Xi2-3.v;. 
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KErONE&-C<m/»nw»f 


Cotnpcwnd TrcaW 

Solvent 

Product 

Alrld 

fnt- 


MoNo«»:Tost^-^on/i»iej«{ 



Atrtophfnono | 

Diox&ne 

Phenylglyoxal 

70 

4. 10, 13, 

10. oc, 

13S, 130 

anthrewnc 

Dioxane 

Oetahjrdro-CWanthra* 
eeneslyoxal hj-drsle 

83 

140 

S-BoMylbcMWithTiino 

Ko» 

S-Benioyllienfan- 

throne 


3 

<-bjphcn^-lyl 

fCn/X>)rO 

4-Phen>lWnril 

05 

20 

ketone | 





Benjjl 4-bn)J»oph«i}’l , 

(cn,co)jO 

^-Bromohejyi] 

07 

20 

ketone 





4-eljloroplx’njl , 

(ai,co)rf> 

4-CMorobrjuiJ 

OS 

20 

ketone 




141 

Detuj] ketone 

Dioxane 

rhenjl dujyl dike* 
ton* 


Deacyl imJur}! ketone 

Dioufte 

Pheayl iaodurjl dike- 
lone 

81 

142 

Dencyi meeit)! ketone 

(CIf,C0>,0 1 

2l4,tkTriJ»elh>)ben3il 

07 

20 

Beaijl methyl ketone 

Dioxane 

Phenyl methyl dike* 
lone 



IVncjl jj-toljl ketone 

(ai,CO)/> 

4-MelhyW>en*il 

71 

20 

Dcnxyl 2,4,fr(ni80- 
propylphcnjl ketone 

Dioxsoe 1 

2,4,6-T«4»opropyl- 
phenjl phenyl di- 



Benryl 4-(<^x)rIyI) ketone 

tciuco^^ 1 

3,4-Diti\xthylbcnt\l 

1 OS 1 

20 

Bencyl 4r(,m-ry'lyD 

ketone 

Benz} t p>xy]} 1 ketone 


3, ♦-Dimrt byJbcncU 

1 — 


(CTltCOhO 

2,5*Din5ethylhcncjl 

BO 

20 

3*Bromo8cetomesjtyleno 

1 Dioxano 

3-lltomomcejtyl' 

Ctyoxal 

p-Diomopheny 1- 
1 glyxtxal 



J>-Bromo8cetophcnono 

Xylene 

65 

13, 14C 

p-Dromobcnzyl mccityl 

. Dioxane 

p-Bromophenyl mesi- 
tyl dikctonc 




Dioaano 

a-Bromo-S-nilromcsi- 

00 

145 

westtj leae 

2-But&nono 

Non. 

tylgtyesal 
Ethylglyexal + 

17 

1 

4, 10, 12, 

10 


* R<r«rrn(«> 00-324 ftr* on pp. 383-380. 
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OEGAXIC BEACnON: 
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KETONES— Ooni/ntMji 


Compound Trcaled 

SolvCLt 

Product 

Aldd 

% 

Itefer- 

Mon'oketoscs— OW mufrf 

2*Hydroxy-l-bcMylo*y“ 

CtHiiOH 

T-Benrytosyflavone 

34 

15G 

pbenyJ stjrjO letou© 





2-Hydrosy-3-fbloit>- 


8-dUoro4J',4'^li- 

— 

64 

3',4'-djrootboTyfhal- 


mcUnu^'flarcm© 








o-Uydroty-S-chloro- 


6-Ch)£>r«)-3',4'-di- 

— 

64 

3',4'-diinethffltychal- 


nicthoxyflaTO&e 



2-Hydroxy-i-0J,7-dihy- 

_ 

7-(A-)“Djhydro*yprt)- 

_ 

157 

drojypropojy) pbcnyl 


poTy)flavoae 



styryl kctooo 





2-l]ydjv-(y4,5HlimcU)- 


6,7-Dinwtho^- 

— 

63 

oxychalcone 


flavone 



2-l?ydroTy-3,4-dimelh« 

CiHuOH 

7,8-Dimetho.’0'-3- 

— 


Oxycinnatsylidcne* 


styrylchromono 



acetopbenono 





2<IIydroTy-3,4-dimeth< 

CiDjOn 

7,8-Dim©lho^-3-{2- 


159 

otyfurfuiylideneace- 


furyl)chromo&c 



topbenono 





2-Hydrosy-4,54iinetb- 

1 CiDson 

6,7-DimelhoTy-2-(2- 

i ”• 


oxyfurfuryKdenacfr- 


futy))chK>inone 



tophenooe 





2-nydroxy-4-inetboxy- 

c»nuOH 

7-MethoTy.2-5tyr}-l- 

— 


cinnarnybdeneaccto* 


cbtomoD© 



2-nydrDxy4'methosy- 

C»HiiOH 

7-Metho'4T-2-{2- 

— 

159 

lurfurylidcoeacettv 


fuiyl}ch(omone 



phenon© 





2-HydroTy-3-mtro-5- 


C-MetiiyI-®^>itro* 

— 


niethyl-3',4'4uaetb- 


3',4'-diinelbo^- 



oTychalcone 


flavocra 



o-Hydroxyphenyl styryl 

c^iion 

FUtodo 



2-Hydroxy-3,4|G,4’- 

C»HuOH 


- 

62 

tclramethoxychalcono 


o^cfisTOoe 



2-IIydroxy-4,5,4'-lri- 

CeHiiOH 

6,7,4-TtunetboTy- 

— 




flavoDO 



p-Iodoacetopbenone 

CHjCOjH 

Not isolated 




• lUfnmoea 99-334 *ra cm pp- 3S2-3Se. 
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ORGAXIC REACTIONS 


KETONES — Coniinued 


Compound Treated 

Solvent 

Product 

Yield 

% 

Eefer- 
ence * 


Moxokeioxes — Coniinued 



S'-Keto-4,6-drmethosy- 

1 , 2 -cyclopenteno- 

naptthalene 

CH3CO2H 

2',3'-Diketo-4,6-di- 

methoxy-l, 2 -<ycl£>- 

pentenonaphthalene 

— 

160 

Ketotetrahydrobenzo- 

Diosane 

No reaction 

— 

161 

Buoiene 





p-Methoxyacetophenone 

CH^CX) 2 H 

Not isolated 

, 

13 

p-Methylacetophenone 

CJiisCXJjH. 

p-Methylphenyl- 

glyoxal 

— 

13, 146 

2 -Methylbenzanthrone 

HiO 

Ben 2 anthrone- 2 -car- 

boxaldehyde 

— 

3 

6 -Metbylbenzanthrone 

H ;0 

Benxanthrone- 6 -car- 

boxaldebyde 

! 

3 

9-Methyl-m«?«>-benz- 

anthrona 

H2O 

m 6 fc>-Benzanthrone- 
9-carboxaldehyde - 1 - 
meso-benzanthrone- 
9-caTboxylic add 

24 

162 

lO-Methyl-meso-benz- 

anthrons 

CtHsNOi 1 

jnestvBenzantlirone- 
lO-carboxaldehyde 
+ Tuejo-benzan- 
throne-lO-carbox- 
ylic add 

32 

162 

3-Methyl-2-butanone 

CH 3 CO 2 H 

Not isolated 

— 

10 

2 -Methvlcvcloliexanone 

CjHsOH 

3-Methyl-A^-l,2-C3'- 
clohexenedi one 

— 

21 

3-Methjicycloliexanone 

C 3 H 5 OH 

3-Methyl-AM,2-cy- 

dohexenedione 

— 

21 

4-'MethyIcycIoIiexaiione 

CjH.OH 

4^MethyI-l,2-cycIo- 
kexanedione 4- 
inethyl- 6 -ethoxy- 
A'-cyclohexenone 


21 

Methyl cyclohexyl 

Dioxane 

Cyclohexylglyoxal 

59 

163 

ketone 





2-Methyl-A--cvclo- 

pentenone 

(CHjCO ):!0 

3-iIethyl-ii®-l , 2 -cy- 
dopentenedione 

30 

53 

3-Methyl-l-tetralone 

QiHsOH 

2- Hydroxy-3-irietliyl- 
1,4-iiapbtlioqmnone 

3- inethyl-l ,2-napb- 
thoquinone 

45 

164 


* RtftTKitM 00-32^ cn pp. 3 S 2 -S& 3 . 









SELENIUM DIOXIDE OXIDATION 


3C3 


KETONES~^on2>nuaI 


Compound Treated 

Satyent 

Product 

Ileld 

Refer- 

Monosetos£3 — CorUinued 


HjO 

2-Carf)o^-t,I'Hlb- 

56 

165 

naphthyl kctono 


naphthyl ketone 



2-MethyI-l ,2'-<Iinaph. 

H-O 

2-Ckrbo^-I,2'-<ii- 

53 

165 

thyl ketnnc 


naphthyl ketone 



4-Methyt-I,2'-diraph- 

C|R»NO* 

4-<iirt>oiy- 1 ,2'^- 

— 

166 

tbyl ketone 


naphthyl ketone 



Methyl ornapbthyl 

CEf,COsH 

o^Kaphthylgtyoxal 

44 

167 

ketone 





Methyl <J-naphthyt 

CKsCO-H 

^NaphthyWyoTal 

72 

167 

ketone 





l-(2-Methyliuphthyl) 

HjO 1 

J.(3',4'^'-7>imetbyJ' 

— 

163 

8',4',6'-triraethyl- 


benzoyI>-2>naph< 



phenyl ketone 


tboic acid acelory 





lactone 



^^ephtboflaeascBc 

Xl'Iene 

^Napblhoflaeoso , 

— 

156 

3-NitroBCetomeaitylene 

Dioune 

3-Niln>mesily1glroxsi 1 



m*Nitit>acetophenone 

CHjCOzII 

Not isolated 

— 


m-Nitrobeniyl meaityl 

Diaune 

Me^tyl m*njtn> 



ketone 


phenyl diketone 



p-Nitrobenayl mesityl 

Dioaane 

Mesityl p-nitropbeayl 

72 


ketone 


dikelone 




CHjCOjH 

Not isolated 

— 

10 

tran*Octahy«lro-2{l)- 

C.HtOH 

lrona-Octabydro-2,3- 

50 

109, 170 

naphthalenone 


naphthalenedione 




CHjCOjH 

Not isolated 

— 



CHjCC^n 

Not isolated 

— 

10, 12 

3*Penlaaone 

— 

Methyl ethyl 

— 




diketone 



l-Phenykcetyl-3*nitro- 

(CH*C0)*0 

3-Nitro-4-nKthosy- 

66 


4-tnethoTy benzene 


' bennl 



Rnacolone 

CHiOH 

tcrl-Bulyldyoxal 



Propiomesitylene 

1 Dioxane 

Methyl nwnityl 

42 

145 

Propiophenone 

jCjHtOH 

Methyl i*enyl 

50 

4, 19 

Tetraphenylcyeln- 

CHjCOzH 

SA^-’Wphenyl- 

- 

174 

peatadienone hydrate 


benzoylfuran 





• BefmiMca 99-32i on pp. SS3-3SS. 
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0EGA2aC EEACTIOXS 


KETOXES — Continued 


Compound Treated 


Solvent 


Product 


Yield Eefer- 

% ence * 


iloNOKETOXES — Continued 


3,3,5,6-TetrapliLenyl-l- 

Dioxane 

i 

3,3,5,G-Tetraphenyl- 



152, 175 

indanone 


1,2-indandione 



l-p-Toluoyl-2-n2ethyl- 

H.O 

l-p-Toluoyl-2-naph- 

65 

127a 

naplithalene 


thoic acid 



2,4,6-TTiethylaceto- ] 

nioxane 

2,4,6-Triethylphenyl- 

78.5 

176 

phenone 


glyoxal 



2,4,6-Triisopropyl- 

Dioxane 

2,4,6-Triisopropyl- 

82 

145 

acetophenone 


phenylglyoxal 




Diketokes 


l,9-.4nthiadandione 

C^sXOi 

Aceanthrenequinone 


177 

Benzoyl-^isoduryloyl- 

methane 

Dioxane 

M^tyl phenyl tri- 
ketone -r 

CWHiiOjSe 


83 

l-Benzoyl-3,4,5,6-tetTa- 

CH 3 CO 3 H 

No reaction 

i 

178 

phenyI-7-keto-l, 2,3,6- 
tetrahydro-3,6-meth- 
anobenzene 





2-Beazj'lanthraquinone 

; — 

2-Eenzoylbenzan- 

throne 

— i 

3 

Bicyclo-i3.3.01-2,6- 

CiHsOH 

Unstable oil 

1 

179 

octacedione | 





1,3-I>iacetylben2enc | 

j 

Dioxane 

m-Phenylenedi- 

glyoxal 

— 

ISO 

1,4-I)iaeety]ben2ens 

(CHjCOlcO : 

p-Phenylenedi glyoxal 

— 

181 

1 ,5-Dibenzoyl-2,6-di- 
methylnaphthalene 

CiHsXOi 

1,5-Dibenzoylnaph- 
tbalene-2,6-<iicar- 
boxvlic acid 


3 

1 , 2 -X)ibcn 2 oyl-l-propene 

Dioxane 

2-Phenyl-4-benzoyl- I 
fttran 

63 

147 

Di-(S-isodary!oyl)- 

Dioxane 

Dimesityl triketone 



182 

methane 





1 .3-l>iketohj'drindsae 

Dioxane 

Niidivdrin 

35 

9S 

1,2-Dirnesitoylcthykne 

Dioxane 

Dimesitvl triketone 

50 

149 

glycol 






^ are cs pp. 













SELENIUM DIOXIDE OXIDATION 


KETONES— Conlinunl 




Product 



Compound Treatcit 

Solvent 

% 

ence* 

DiEETOSES— C«l/«nu«/ 


Diphenylsuccindandione 

CHjCOjH 

H,0 

CainicOt 

A*-2^II«xencdione 

00 

40 

183 

58, 59 

3-Methyl-2,5-liexane- 

dione 

HjO 

3-Melbyl-A’-2^ 

bexeoedione + ^ 




hydroxy-4-inelhyl- 
1 A’-2,S-bexenediono 


51 


l-Methyl-4-isopropyl- 

- 

l.Melbyl-4-isopropyl- 

idcn*-2,3.5<yelo- 


ancdiono 

S-Metbyloaphtho 

anUinquiaono 

- 

hexanetriODo 
Naphtboanthraqui- 
itODe-&<arbox7Ue 
acid + naphtio- 

— 

3 



anthraquinose-^ 

mboxaldebydo 


lU 

2-Mcthyl-l,4»nftphtlio- 

CiHsOH 

No teacUoa 


quioono 

3-Methyl-l,2*Mphtbo- 

quinono 

1,8-NaplitldndAndione 

CjHjOn 

2-H)rdroxy*3-inethjrl- 
1 J.nanhtboauiDonc 

— 

l&l 

C^»NOj 

Aceoaphthenequi- 



2-Nitro-l,4-diaeetyl- 

bcnzene 

2,4-rcntanedione 

l-Phenyl-l.S-butano- 

Diorano 

CjHiOH 

CjH,OH 

2-Kitropbenyleoe-l,4- 

diglyoxai 

2,3,4-Pciilanetriono 

UnideatiScd 

20 

31 

31 

Triphenyleyclopcnta- 

Dioxane 

C4«H«0« 


181 

dienediono 





TWKETON'ES 


l,3,5-/ns(BrorQO- 
acetyl) benzene 

Dioxane 

lA^Triglriaalji- 

benzene 

- 

181 


366 


ORGAinC EEACTnOXS 


KITEOGEN-COXTAlXIIsG COMPOGKDS 


Compound Treated 

Solvent 

Product 

Adeld 

% 

Eefer- 
ence * 


Ameses 



ATiilmp. 

CHsOH 

CrHuOjXSe 



17 


None 

“Molet compound 

— 

128 


Q.H 5 OH -P 

Blue-black solid 

— 

S 6 


{Q-HsIjO 




Ethoxyphenylenedi- 

HiO 

Ethosypiaselenol 

— 

185 






Ethylamine 

— 

Solid, m-p. 150° 

— 

128 

Methvlaniliiie 

CilsOli 

Not isolated 

— 

17 

1,3-Xaplithylenediamine 

H :0 

Naphthopiaselenol 

— 

186 

1 , 8 -XapEthyleiisdiamine 

H :0 

C23HigX4Se 

— 

187 

o-Phenylenediamine 

HriD 

Piaselenol 

— 

1 ISo 

p-Toluidine 

CHjOH 

Not isolated 

. 

17 

o-ToIylenediamine 

Ha 

Alethylchloropiasele- 

— 

188 



nol 



o-Tolylenediamine 

H-O 

Methylpiaselenol 

— 

186 

l,2,4r-Trifliniiiobenzene 

H.0 

Aminopiaselenol | 

— 

185 

Htdeazixes 

p-Bromoplienylhydra- 


^>-BromobeiiZ€iiedia- 


66 

zone liydrocHoride 


zomum chloride 



Diplieiiylhydrazme 

CiHiOH 

Diphenylamine 

94 

66 

l-NaplithylliydraziEe 


l-X aphthal enedia- 

— 

66 

hydrocHoride 


zonimn chloride 



2 -^ apEtliylhydraziiie 

H :0 

2-NEphthalenedia- 

— 

66 

hydrochloride 


zoruinn chloride 



m->ntropheayIhydraziiie 

H :0 

rn-Xitrobenzenedia- 

— 

66 

bydroclilonde 


zoniuin chloride 



p-Xitrophenylhydrazine 

Hri3 

p.p'-DiuitTodiazo- 

46 

66 

hydrochloride 


aminobenzese -f* 

32 




p-nitrodiaaoben- 





zeaeimide 



Phenylhydrazine 

CiHsOH ri- 

Not isolated 



86 , 189 


HiO 




Pfcenylhydrazme hydro- 


Benzenediazoniam 

— 

66 

chloride 


chloride 




• Eirfsre:;^ 9^-324 on pp. 3S2-SS6. 
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367 


NITROGEN-CONTAINING COMPOUNDS— Ctmiinued 


Compound Treated 

Solvent 

Product 

Yield 

% 

fnt- 

IICTEROCTCUC COUPODNSS 

Acridino 

Non. 

DihydioacTidine 

_ 

S3 

5,6-Bcn20-7-a*a- 

— 

l•KeU)-S,6-benzo-7- 

— 

45 

hydrindeno 


azahydrindeno 



9-Ben2y)acridjno 

A ylflnn 

P-Bcnzoylacridice 

60 

lOO 

2-((>-Carboxyphenyl)-4- 

C,IIa 

2-(o-Carboxyphenyl)- 

— 

191 

keto-l,2.3,4-Uitra- 


4-lcl4>-l,4-<litiydro* 



hydroqiunoline 

lactam 


quinoUne lactam 



^7*Dl&]ethoxylepldiQ0 

Dioxano 

6,7-DiiDetboxyflncb- 

71 

192 


oninaldcbydo 



2,^DimetIiylbcnza(ft)- 

Cjii,on 

3>Melbylben2o(A)- 

20 

193 

quiooline 


quinoiine-2<or- 
tovytie add 



2,4-DimBthylbcnzo(A)> 

c,ii»on 

Dcnzo(h)quisoiinc- 

— 

193 

quinoline 


2,4-dicarboaylio 

add 



l.S-DiraetliyM.T* 

Dioxnne 

I^DimethyW,7» | 

— 

194 

methylcnedioxyl^t^ 


metbylenedioxoiscK 1 



quinoline 


quinobnaldebydo 



2-Ettyl-3-methyl- 

Xylene 

3-MelbyIquuia!dic 

— 


quinoline 


add 


195 

Ethyl I-phenyi^keto- 

— 

ZKelhyl J,l'-djpbeny]- 

— 

2-pyTaioUne-3-car- 

boxylate 

i 

6,5'-<libydroxy-4,4'- 

bipyra*ole-3,3’- 

dicarboxylate 



8-Etliylquinaldine 

CjHjon 

S-Etbylquinaldnlde- 

bydo 

Hydroquininone 




Xylene 

45 

197 

Lepidine 


Oncbomnaldcbyde + 





100 




elbene 




Xylene 

IMjneoHDic add 

— 


6-Methoxylepidino 

O-Methylacridine 

Xylene 

Xylene 

Quininaldebydn 

(VAcndinecaiboxalde- 

60 

201 



byde 


202 


Xyleno 

Beiizo(h)quinoUnc-4- 


quinoline 


eaibiaaldehydo 





• Btterenou 




. 3S3-S89. 
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OEGA2vIC EEACTIOXS 


>nTEOGI2s-CONTAIXKG CO^iTOZSIiSr-ConUnufd 


Cornpound Treated 

Solvent 

Prodact 

Tield 

So 

i 


HETEHOcrcirc CoiiPOCKi>s — Cordinuoi 




2-liIetlivl-— divdrojiy- j 

__ 

•i-Hvdrosv-2-<jniii- 

_ 

203 

qxniiazoliiis j 

l-MethvfeKnniioliiie | 

Diossjis 

azolinecarbosalde- 

hyde 

Isocaicolineslderivde 

42 

i 194 

2-Metiivl-=-l:etoqaiii- ! 

— 

4-Kstodihydrcxinin- 

— 

204 

azoHns 


azoline-2-carfaax- 

aldsbyds 

70 

205 

S-Methvlenrrp olir.e 

; lCoi;“ 

boxsldshyds 

o-QrinioHnircarbox- 

200 

&-Metirrlcrniaoline 

1 Xoas 

aldsbyde 

e-Qtanolinecarbox- 


2>3 

T-Metaylqaiiioline 

Xons 

sldsbvcs 

T-QuinoSnecarbox- 

! 91 

206 

S-Metiijiqmiioliiie 

Nona 

gldehvde 

S-Qtdnolinecsrbox- 

70 

205 

^J\Tt^n\-1frn^r^rrxrr>Jvr'a 

i ~ . 

\ XyzsTLS 

aldebvcs 

2-Qtniiax2lfn£carbox- i 
aldehyde 

1 2—3'^€tl2vI-4r4ii5l;/>- 

2-i 1 

207 

2-Meili:n^E2,3,-iHtetra- 

1 

45 

bydro 2 .cridn:s 

yicoti:^ 

1 

|h:S04 : 

! 1,2^,4-tetrahydro- i 
1 zczidhie -i- 2- , 

1 Trifithyls.rTTjiir»o 

} ^cotinic add 

i 

75 

20S 

S-Mirrolepidina 

C:Hd3H 

i K>XTtrr»dr><^r!OTi?T^«>?riow 

53 

209, 210 

PareTErina 

CSjCO^S 

Byds 

Paraveraldine 



211 

l-Pbenvl-S-metnvt-i^ 


l,l'-DiDBsnyl-3.3'- 

— ! 

195 

czkeiO'2-~pjTszci]h:^ 

I~Phe3yl-3-ir£tb7l£2.V2.- 

jCiHsOK 

I 

! — 

droxy-4,4'-cipTra- 

zola 

Xo reactfon 

1 

i_ : 

195 

zole 

* 

iCHiCOiH 

! 

Pyrazole bine 

} ; 
1 - 1 

195 

2-HKi:in3 

1 CHjCOiCiHi 

2-Pyr;dinecid>Dxald£- 

1 

45 


1 

1 

Byds 

\ 












SELENIUM DIOXIDE OXIDATION 


3C0 


NITnOGEN'-CONTAINING OOXfPOtryDS— Con/mneif 


Compound Treated 

Solvent 

Product 

1 Yield 

1 Refer- 

Hetesoctclic Oo3fFOtna>3 — Coniinuad 



2-Pioolino (Contfnurrf) 

Xyknc 

Ficoliiue acid + 2- 
pyTidinecarboxaldo> 
byde 

- 

46 

3-PieoIine 

ntSOi 

NicoUiue acid 

50 

46, 203 

Quinaldiao 

Dioxanc 

2-QuiDolii>eearboS' 

aldehyde 

50 

46, 94 


DIozano 1 

Quioaldil 

SI 

213 


Dioxaoe 

i-llydroxy-l ,2-<ii-2- 
quinolylelhasooe 
(aged ScOs) 

Si 

94 


Xylene 

2-Quiaolioecarbos> 

aldehyde 

6$ 

SIS 

Quizioline 

:H,SO« 

Nieotinie acid 

76 

203 

l,2,8,4>Tetn]iydro< 

acridine 


1^.3,4-TeUahydit>4- 
acridone + acridine 

— 

45 

2,3,S-Trimethyl-5>ti{tn> 

quinoli&o 

CiEIsOH 

3,8-Dimetbyl-S*nitro> 

quinoIine-S-carbox- 

aidebyde 

S3 

4T 

2,3,8-Trimcth7lquInolia( 

CiHiOH 

3,S>DimethylquicO' 

lioe-S-earte.isldo- 

byde 

83 

47 


Miscellaneous 

Ethyl diazoacctato ^ 

Nitromethane | 

HjO 

Dioxanc | 

Not isolated 

Fomdo acid j 

- 

214 

215 

PHENOLIC 

COMPOUNDS 




2-Aretoxy-l-iiaphtbol 

CjU.OH 

No reaction 

_ 

164 

Anetholo 

— 

7 »-Metho:qrcinnamal- 

dchyde 

~ 


4,4’"-Dihydroxyquater- 

phenyl 

Dimcthyldibydro- 

tesorcinol 

- 

No icactioa 



cHjCOjCins 

ytnhydiudimetboDO 
B^niuin oxide 


45, 21S 


• Reference 09-321 »K. on rt^ 382-38S 
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ORGAKIC REACTIONS 


PHENOLIC COMPOUNDS— OoniinW 


Compound Treated 

Solvent 

Product 

Aleld 

% 

Refer- 
ence * 

Isoeugenol 

_ 

No reaction 



216 

Isosafrole 


Piperonylacrolein -p 
dihydrosafrole -p 
3-ethoxysafrole -p 
CidHioOs -p 
CjoHgOiSe 


85 

S-Metlij'l-l-naplitliol ' 

ICiHjOH 

Not isolated 

— 

161 

2 -Naplithol 

CHjCOiCiHs 

his (Hydrosynaph- 
thvl) selenide 


45 

Phenol 

— 

Se(CeH40H)2 

— 

84 

Safrole 


a-Ketodihydrosatrole 
-p ^ketodihydro- 
safrole -p ethoxy- 
safrole -p pii)erDnyl' 
acrolein 


85 


STEROIDS 


A^”-3ar-Acetoxy-12- 

(CH 3 C 0)20 

A^'^-3cr-Acetoxy- 


219 

^hydrox 3 Tiorcholenic 


12 ?, 21 -dihydroxy- 



acid 23 — ♦ 12 lactone 


norcbolenic acid 





23 — * 12 lactone 



Acetj'ldesacetylpseudo- 

— 

Isolated as dioxime. 

' — 

220 

bufotalin 


CisHroOsXs 



AUocholesterol 

CH 3 C 02 H 

Not isolated 

. — 

23 

A^-Androstene- 3 -lra 7 is- 

CHjCXJ^H 1 

A^-3,4,7-Androstene- 

— 

221 

17-diol 


triol 



A^-3,17-Andro3tenedioI 

CsHe-P 

A^-3,4,7-Aiidrostene- 

— 

222 

diacetate 

CHjCOjH 

triol 



Apocholic acid 

C 2 H 5 OH 

^Dihydroxycliola- 

60 

23, 223 



dienic add 


224 

Bromodesoxysaisapo- 

CjHt -P 

Xo reaction 


225 

genin 

CHjCOrH 




Bromodigitogeniii tii- 

CHjCOjH 

No reaction 

— 

226 

acetate 





23-Broin'>d2osgeniii 

CtHtd- 

4-H ydroxybromodi os- 

— 

227 

acetate 

CHsCOzH 

genin acetate 




• E5fK»=cea 50-324 are ca pp. 3S2-3S5. 








SELENIUM DIOXIDE OXIDATION* 
STEROIDS— Cofrfintwrf 


Compound Treated 


Bromogitogenia di- 
acetate 

Bromosarsapogeain 
BromoUgogenin acetate 
Calciferol (vitamin Di) 
S-O-Carbethoxy- 
cholesterol 


3-0<3arbomethaTy- 

eholestetol 


CUorogenia 
Choladienio add 
Cholatiienie acid 
3,G-Choleatanedione 


Cholestene * 

i*-'*-Cholesteiie 

A‘-3, $-Cholestenedione 

Cholestenone 

4-Cholesten-3-oiie 


CHjCOjH 

CjHiOH 

(CHsCO)jO 


{CnjCO)iO 


CHjCOjH 
C:H»OH 
CjHtOH 
CjHiOH or 
CIIjCOiH 
CHjCOiH 
CtHtOHw 
CH1CO2H 
CBjCOjH 
CjHtOH 
CHjCOiH 
CHiCOsH 
CHtCOjS 


No leactioa 

No teactioB 
No reactioa 
Not isolated 
3.0-Carbethovy-t- 
aceto^chdesterol 
+ 3-Ocarbethciv>-- 
<Vacetovy-A*-3- 


3-0-CarbethoTy-4- 
acctoxycboleatcrol 
+ J-O-earbeUioxy- 
C-aceloxy-A^-S* 
cbolesUool 
cholestene-3,4Hliol 
earbooate 

3U>Carbomelh&Ty* 
^.acetoxyeholes- 
terol + 3-0<arbo- 
metboxy-^-oceloxy- 
AM^hokstenol 
S-O-Carbomethoxy* 
4-acelo*ycholc»- 
terol + 3-O-carbo- 
lDethoxy-&«cetovy- 
4'-3<bolesteiiol + 
(i»-A*-<;lioleslene- 
3,4-dio] carbonate 
Not isolated 
Not isolated 
Not isolated 
Not isolated 

No reaction 

2,3.Cholcstaiiedion8 

Not isolated 
A*'**'^^ole3tadiene 
Not isolated 
Not isolated 
Not isolated 


Batsats gs -gBBg § § g gaga 
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ORGA^aC REACnOXS 


STEROIDS — Conlinued 


Compound Treated 

Solvent 

Product 

Yield 

% 

Refer- 
ence * 

Cholesterilene 

CH 3 CO 2 H 

Xot isolated 

. - 

23 

Cholesterol 

CtHe -r 
CHsCO^H 

cis-A^'®-3,4:-Choles- 

tenediol 

38 

97 


(CHjCO)iO 

cis-A“-®-3,4-Choles- 
tenediol diacetate -r 
A'*-3,6-cholestene- 
diol diacetate 

25 

25 

23, 232, 
32A 

Cholesterol oxide 

CH 3 CO 2 H 

Xot isoEted 

— 

23 

Cholesteiyl acetate 

CH 3 CO 2 H 

cts-A^'^-3,4-Choles- 
tenediol diacetate 
trans-A^’^-choles- 
tenediol diacetate 


23, 97 


CHzCOzH 

1 

4-Acetoxj'-A^-3-cho- 
lestenol -r 3-acet- 
oxy-A®-4-choles-- 
tenol 

60 

5 

233 


CsHe-f 

CHjCO-H 

3-Ac8tyl-i-hydrosv- 

cholesterol 

— 

234 


— 

A'*-Cholesten-3^,65- ' 

diol 

— 

235 

Cholestervl benzoate 

CHzCOzH 

3-Benzoafe of cis-A*- 
3,4-cholestenediol 
-r /ran-s-SjA-choles- 
tenediol-3,4-diben- 
zoate 


97 


Dioxane 

3-BenzoxTloxy-A^-4- 

cholestenol 

70 

233 


— 

A<-Cholesten-3^,6.3- 

diol 

— 

235 

Chol^ervl bromide 

CHjCOrH 

Xot isolated 

— 

23 

Cholestervl chloride 

OHiCOjS 

Xot isoEted 

— 

23 

Cholestervl ether 

CHjCO.H 

Not isolated 

— 

23 

Cholesterj'l propionate 

CtH. -h 
CH;CO;H 

4--Prop:oayloxy-A*-3- 

chol^stenol 

— 

233 

Cholic acid 

CH^COjH 

Xo reaction 

— 

23 

Clionasterol 

(CHjC0);0 

, G-Cli enedi ol 

diacetate 

— 

236, 237 

Coprostanone 

CiHsOH or 
CH:CO:H 

Xot isoEted 

— 

22 

Coproslorol 

CHjCOiH 

Xot isolated 

t 

— 

23 
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STEROIDS— Conlinuai 


Compound Treated 

Solvent 

Product 

Yield 

Dehydrodesoxy cholic 

CIIjCOjU 

No reaction 

_ 

acid 

Dehydroergostcnol 

CHjCOjH 

Not isolated 

— 

Dehydroergosterol 

CjHiOlI 

Not isolated 

— 

Desoxycholic acid 

CHtCOtH 

No reaction 

— 

Desoxysarsasapogenin 

c,n,+ 

Not isolated 

— 


CHjCOjH 



G9),7-Dibcruoyl-A‘- 

Dioxane + 

rt-30),7-Dibcnioyl- 

— 

cholestcne 

CHiCOiH 

oxy-A*-t(4)-cholcs- 

Icnol 


Di&taligenia 

ClliCOrll 

No reacUon 

— 

Digitoxigenin 

CKjCOjO 

Not isolated 

— 

DihydroebJorogenin 

CHjCOjH 

tJjjlIwUs 

— 

Dihydrodesoxysanapo- 

Cell. + 

No reacUon 

— 

genin 

Dlhydroe^osterol 

CIIjCOjH 

c«n, + 

Dihydrocrgosterol 

_ 

CjHiOn 

oxide + ergosterol- 


Dlhydroergosterol oxide 

(CH,CO)iO 

Ergosterol-Bs acetate 

- 

CjH»on 

Not isolated 

— 


_ 

No reaction 

— 

efDihydrolanosteryl 

CUjCOjH 

Y-lADosteryl acetate 


acetato 

DihydrosaTsasapogcnin 


No reaction 

- 

Dihydrotigogenin 

CHjCOrH 

No reaction 


Dihydroxycholadiciuo 

CIIiCOjH 

Not isolated 



CHjCOJI 

Not isolated 

- 

ot-Ergostene 

CjH»OH 

CjHjOH 

Not isolated 
Dehydroeigoatenol 

- 


CIIjCOiH 

Not isolated 


ofErgostenone 

Ergosterol 

CjH»OH 

CjHiOH + 

Not isolated 
Dehydroergosterol 

- 



Not isolated 



CjHjOH 



CjH,OH 

Not isolated 


Ergostcrol peroxide 

CjHiOH 

Not isolated 



C.H»OK 




CKjCOjU 

Not isolated 


Gitoxigenin 

CHjCC^H 

Not isolated 



23 

23 

23 

23 

225 

238 


23 

23 

230 

22S 


23 

23 

226 

239 

105 

223 

23 

22 

23 

23, 223 
23 
23 

23, 240 

23 

23 

23 

23 

226 

23 


• R«;er<nc<es 
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ORGA^CIC REACnOXS 


STEROIDS — Conlinued 


Compcrtmd Treated 

Solvent 

Product 

Tield 

% 

Refer- 
ence * 

5 -Hj‘dros 5 '- 3 ,&-cl!ole&- I 

CHsCOaH 

Not isolated 



23 

tanedicme 





3 -Hydro 3 :y- 6 -cliolK- * 

Cid^CO^S 

Not isolated 

— 

22 

tanone 





S-Hydrosy-O-cbol^ 

CHjCDiH 

No reactioa 

— 

23 

tanoca acetate 





12 -KetocliolaBic add 

CH 3 CO 2 H 

No reaction. 

— 

23 

Ketohydroxyoestrin 

CHjCOrH 

Not isolated 

; — 

23 

Lanosteiyl acetate 

CiHsOH 

Monoacetate of diol. 

1 — 

239 

Lnmisterol 

QHsOH 

Not isolated 

— 

23 

Methyl ^-3-acetosy- 
iK!.=-jioiaIloclio!eiiate 

(CH3CX)):0 

^-3-Acetoxy-21- i 

hydrovy-A^ ”-nor- 
allocholenic add ! 

lactone 


241 

1 

Methyl apocholate 

CaHjOH 

^DihydroTychola- 
dienic add (after 
hydrolvsis) 


23,223 

Methyl dihydro^y- 
choleaate 

C-HsOH 

^Dihydrosychola- 
dienic add (after 
hydrolvsis) 


23,223 

5-Methyl-i®-3,6-iior- 

cholsstensdiol 

CjHiOH 

5-Methyl-A5-3,6,ll- 

norcholestenetriol 

2 o 

242 

Oxyciiolestenone 

CHjCO-H 

Not isolated 

— 

23 

O^cholestenlEne 

CHjCOiH 

No reaction 

— 

23 

carfDoiiyi 

compounds 

— 

Pregnane polycar- 
bonyi comDounds 

— 

243 

^^-PTegnese-3(0),2O(a)- 
diol diacetate 

CeHj-r- 

CHjCOiH 

J*-3,tr^20-PrEg22£ZrS- 

triol 

— 

222 

A“-Pregiisiis-3,17-diol- 

21 -one 


A’-3,4,17,20^1- 
Pentahydrorcypreg- 
neM - 7 - A*- 
3,6,17,20^1-pemta- 
hvdroxvoreanane 


244 

Fseudocholes^ane 

CHiCOiH 

No reaction 



23 

Pc^nidocholsstcnc 

CH 3 CO 2 H 

Xot isolated 



23 

Pseudocnolesterol 

CHiCO^H 

isolated 



23 

PeeadosareaEapogeiihi 

— 

Not isolated 

— 

245 

SssTSssapogcnin 

— 

Xot isolated 

— 

105 

Sitosterol 

GHjCChH 

Not isolated 

— 

23 


• C-C-ai cc; pp. 2£2-3.S6. 
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STEROIDS— Co»h'nu«I 




Product 



Compound Treated 

Solvent 

. % 

: cnce* 

Sitosteryl acetate 

C»H« + 

1 4.Hydr(ncy&tosterol 

— 

246 

CHjCOjH 

diaeetate + C-hy- 

drovysitosterol 

diaeetate 


217 




_ 

a*-3,4-Stigmastene- 

— 



diol + A*-J,4-sito- 
slenediol + 





atoeteoedioi 


23 

243 

SUgraasterol 

CHjCOill 

CiHtOH 

Not isolated 
l),10-Dihydro-l|2- 

- 

1,2-cycIopentcnophcn- 

anthrene 

Tetrahydrodlosgenia 

triacetate 

c»ir.+ 

CHjCOtH 

cyclopenteiM^hen- 
anthiene 
A».^,4-DihydroTy 
cholesteoe (alter 

- 

249 


bydrolyris) 


106 

Tetrahydrosaisasapo- 

— 

No reaction 


genin 

Tigogenin 

Zymosterol 

CHjCO:H 

CjHiOH 

Not isolated 

Not isolated 

- 

223 

23 


SULFrai-CONTAlNINO COMPOUNDS 


S-Aeetylthianaplitlieiie 

Acetyltluourea 

AUylthiourea 

Ben*ylthiourea 

Betiryl p*tolyl sulfone 

Diacetyhhiourea 

Diethylbeozylthiouica 

Diethylthiourea 

DimethylpEenylthiourea 

Disulfides 

Dithiocarbamatea 

Ethyl ethanesulfenate 
2-HydroxythL<viiaph- 


Dioxane 

3-Thiaiiaphtheae- 

glyoxal 

50 

HjO 

Not isolated 

— 

HjO 

Not isolated 

— 

HjO 

Not isolated 

— 


No reaction 

~ 

HjO 

Not isolated 


HiO 

Not isolated 



Not isolated 

— 

n!o 

Not isolated 

— 

Sulfoxides + sulfones 


noH 

SelomiinL dlthiocar- 
bamates 



No reaction 

— 

c,H,on 

IsoUiioindigo 



250 

251 
251 

251 

252 
251 
231 
251 
251 

S 

253 

254 

255, 250 
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ORGAXIC REACTIONS 


SULEUR-CONTAINING COMPOUNDS— Coniznu«J 


Compound Treated 

Solvent 

Product 

Yield 

% 

Refer- 
ence * 

3-Hydrosvthianapt- ' 

C 2 H 5 OH 

TMoindigo 

— 

255 

thene 





2-Methylbenzottjazole 

Xylene 

2 -Ben 2 otluazolecar- 

20 

207 



boxaldebvde 



Methylthiourea 

H 2 O 

Not isolated 

— 

251 

Phenylthionrea 

H 2 O 

Not isolated 

— 

251 

Thioacetamide 

H ;0 

Not isolated 

— 

251 

Thiobenzamide 

H ;0 

Not isolated 

— 

251 

Thiophenol 

— 

Diphenyl disulfide -r 

— 

86 



(UeH.sti) 2 Se 



Thio\rrea 

H 20 

Not isolated 

— 

251 

Trimethylthiourea 

H-O 

Not isolated 

— 

251 

TERPENES 

Abietic add 

C-HiOH 

6 -Hydroxyabietic add 

26 

23, 257 


— 

Dehydroabietic add 

— 

258 

G-Acetoxyepicampbor 

(CHjC0):0 

6 -Acetoxycampbor- 

57 

259 



quinone 



^iz,i3.i»^_2-Acetoxy-ll- 

Dioxane 


— 

260 

ketooleadiene 





_^iWi.u.uas,i9.2-Acet- 

CHjCOjH 


— 

260 

oxy-ll-keto61eatriene 





2-Acetoxy-5-oso- 

(CHsCOliO 

2-Acetoxv-5, 6 -cam- 

— 

259 

campbane 


phanedione 



^Amj-radienol acetate 

Dioxane 

P-Amyradienedionol 

— 

261 



acetate 



^Amyiadienonyl 

CHiCOiH 

Os-Acetate 

G5 

262 

acetate 





3 -Amyradicnonyl ben- 

CHsCOjH 

Oj-Beazoate 

— 

262 

zoate 





^-Amyradienyl acetate 

CHsCO^H 

5-Amyrenonyl acetate 

— 

263 

^Amyranonyl acetate 

— 

Xo reaction 

— 

261 

enol acetate 





^Amyratrienol acetate 

CHjCOjH 

^Amyradicndionyl 

— 

265 



awjtatc 



B-Amyreac 

CHjCOrH 

I>ebydn>-iS-amyrcne 

— 

266 

S-Amyienonyl acetate 

CHjCOiH 

0;-Acetate 

cs 

262 

• W-22 1 irro: 

■ r?> -52-csc. 
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TERPENES— Con/»nu<»f 




Product 


Refer* 

Compound Treated 

Solvent 


ence* 

P-Arayrenonyl benzoate 
^Amyrin acetate 

GHjCOsH 

CHiCOjlI 

^Benzoate 

Dehydrod-amyrin 

60 

263 

266, 267 


acetate 


261 


Diozanc 

ft- \Tnj-radicnedioaol 

44 





261 

J-Amyrin acetate 

Diosane 

^-Amyradicnedionol 

acetate 

“ 

^-Amjrin benzoate 

CHjCOiH 

Dchydro-^-amjTene 



p-Amyranonol acetate 

Diozane 

EnolwJ-nmjrsndionol 

— 

26S 

Arnidenediol diacetate 
S-HcMylcamphor 

None 

, Dlacetybrcudcaaldiol 
; S-Beniyhdcnecaio- 
pbor 

Diaeetoxylupenal 

1 05 

26, 27 

Betulinol diacetate 

CHjCOill, 

- 

270 

(CHjCOhO. 





orC«H« 

None 

Camphortiuinoae 

CO 

24,271 

ft-Bromocasipbor 

CH»CO:n 

No leaction 

Campborquinonc 

55 

26 

Campheno 

Camphor 

c-n» 0 H 

Camphene eelenlde 

Camphorciuinooe 
CampborciuiDone ' 

73 

89 

26,27 

26. 27 

26, 27 
24,25,25 
27 


Xylene 

(CH»CO)jO 

Campborqumono 

Campborquinone 

05 


Vnnp 

Camphorquinooe 

65 

24 

27 

273 

Camphoric mononitrile 
Carvomcnthene 

Toluene 

CHjCOjH 

Camphoric anhydnde 
Cymene + carvotan- 
acetonc -}- carvo- 

24 

25 


CiHsOH 

taoacetol acetate 
Carvotanacetono 

20 

50,60 

Caryophyllene 

c*H^n 

(CR»CO)sO 

Rcan 

- 

275 

Cedreno 

(CHjCOjO 

C4Hjon 

tate 

Cedienol acetate 
Cedienal 

80 

276,277 

276 

3-Chlorocamphor 

CHjCOin 

No reaction 
(^mphorquinone 

32 

26,27 

i-CT-Curcumcno 

t-j$-CuTcumcne 

CinjOii 

CsHjOH 

Xoreaelioa 

/-^•Oircuineiial 

— 

278 


• 99-324 »« oo FP- 3S2-3SC. 
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ORa^G REACnOXS 


TEEPEXES — Continufd 


Compound Treated 

Solvent 

Product 

Aield 

% 

Kefer- 
ence * 

Cvclodtxal 

C-HjOH 

Safranal 

_ 

279 

Cymene 

— 


— 

280 

Dihydrocaiyopliynene 

(Jf H-sOH. 

Dihydrocaryophyl- 

lensaldehyde 

3G 

274 

DihydrolycoTinone 

CHsCO^H 

No reaction 


281 

Dipentene 



■ 

50,280 

d-Epicamptor 

(CHjCO)iO 



2S2 

Z-Ep5 camphor 

(CHiCO)^ 



282 

3-Ethylcamphor 


Camphorquinone -7- 
S-ethylidenecam- 
phor 

12 

26,27 

RSamocamphenUone 


' Carbocsmp]bem)o> 
cone 

— 

2S3 

3 -Hydro 3 y camphor 

CsHzOH 

Camphorquinone 

40 

26, 27 


1 None 


85 

26, 27 

Iso-ot-amyrcnonol ! 

acetate 

CHjCO.H 

Iso-a-amyradienonol 

acetate 

1 50 

1 

284 

Iso-a-amyrcnonol 

benzoate 

CHzCO;H 

Iso-a-amyradienonol 

benzoate 

1 

284 

lao-^-amyrenonyl 

acetate 

CH 5 CO.-H 

Acetate; m.p. 20S° 


285 

Isobomeol 

— 

1 


271 

o-Isocampheniloiic 

(CHjCO):^) 

a-Isocamphenil qui- 
none 

60 

2S6 

Isofcnchons 

(CHsCO):© 

Isofenchoquinone 

— 

28, 29 

Z-Isofenchone 

(CH:C0):0 

Isofencboquinoiie 

— 

30 

IsonitrcEocamphor 

CzHsOH 

o-Camphoric mononi- 
trile -7- camphoric 
anhydride 

20 

12 

25 


Toluene 

CT-Csmplioric moaoni- 
tnle -r camplioric 
nnhvdride 

36 

36 

26 


Xonc 

o-Camphoric mononi- 
trile -7- camphoric 
aahvdride 

23 

27 

26. 27 

Isonorapathenol acetate 

jCrRt 

o,3-Ketone, CnHcOj 
(after dehydrogena- 

— 

287 


! 

tion) 




• SO-^t are cn pp. 252-3-E^. 
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TERPENES— Conitnuftl 


i Yield Refer- 

Product 


2-Keto-l,7-iliiacthyl-7- CHjCOjlI 
norcamphanecarbos- 
ylic acid 

Leucodria — 

d-Litaoneao — " 


Lupeol acctata 


C,H« 

CRjCOsH 

Lupeol bcBzoate C«H« 

(CnjC0):0 

Mentbeno CsH^OII 

Menthol CilljOH 


CjH»OH 

Methyl Diwane 

toxy*l 1-keto-SO-ole- 
adienatc 

Methyl 8cetyldchydr> CIIjOOjlI 
oleanolate 

Methyl acctyldesoxy- CHgCOiD 
elycyrrhctate 

Methyl acetj loleanobtc CHjCC^n 

Methyl acetylsuma- CHjCOiII 


o-OviisoketojMmc — 

No reaction “ 

Cymeoe + mixtuio — 

of terpcnc alcohols 
and aldehydes or 
ketones 

Lupcnal '*5 

Lupeoalol acetate — 

Lupenedio! discctate 50 

+ kctolopeol aeo- 
tatc 

Cetolupool acetate 00 

Lupenalol acetato 58 

A ketolupcol bcnzc«t« 63 

Ketotupcol benioato 42 

A’.Mentbcn-5-one 12 

Ilydroxytbymoqul* — 

none + tbyaol + 
mentbooo 

DydroJytbjuioqui- 8 

none 

Diospheool 15 

C»H«0/ — 

Dilelodchydio ester. — 

C«II«0«. + metbyl 

oleanolato 

Methyl acetyldehy- — 

drodcso^:^c>T- 

rhetate 

Methyl acetyldehy- — 

droQIeanolate 
Methyl acetyldehy- — 


Methyl letmc^tyW- CHtCOtU teute, CaHttO, 
anolate 



ORGA>:iC REACriOXS 




TERPENES — Conlinuid 


t 

Compound Treated 

Solvent 

1 

Product 

i 

Yield 

% 

Refer- 
ence * 

iljTcene 

GiHsOH 

Myrcenol -7- myrec- ! 
nal d- myreenone 

— 

49 

4-p-^tropEenylcamplior 

O, 

0 

1 

4-p-Xitropiienyl cam- 
phorquinone 

— 

290 

Nopiuens 

HsO 

Pinocarvone -r 
pinocarreol 

35 

34, 300 


CiHiOH 

Pinocarveol -h carvo- 
pinone 

42 

301 


(CH;C0)-0 

or 

CH3C0:H 

Pmocarveol -r pino- | 
carv\*l acetate -r j 

carvopinone -r j 

pinocarvone ! 


302 


C^HsOH, 
i (CH3)rCO, 
CcSr, 

CcHn, 1 

(c^)A 

ecu, 

CsHsX. 
H;0, or 
Eons 

Misture of carro- | 

pinone and pino- 
carvons 

: 

( ' 

1 1 

303 

AOsordiliydrobetnlonic 

acid 

Diozane 

TricarboEylic add an- 
hydride, C23H44O5 

— 

304 

A-XorclibTdrobetxilQn!c 
acid methji ester 

Diosans 

Methyl tricarfaoaylic 
acid anhydride 
ester, Cs-.M^s 

70 

304 

2s oTinedaloiie 

CH;CO;H 

Xoifriedslenona 

— 

305 

Korfriedelenone 

Diorar-g 

Norfriedelenedione 

i — 

305 

tt-PheHandrene 

Q.HiOH 

Cumaldehvde ~ 
cymens 

i “ 

60, 61 

Kiisns 


ilyrtenol -r myrla- 
nol -r nopinece -r 
ninadiene 

1 

1 — 

303, 307 


QiH^H 

Myrtenal -7- 
myrteaol 

11 

35 

272, see, 
309 


C-HsOH 

Verbenons 

35 

34,310 


Xone 

CirHuO 

— 

50,311 

Pinocarreol 

C^sOH 

Carvoninoiis 

25 

302 

Piperitoaa 

CiHiOH 

Thymol hydro^- 
thyxcoquinoaa 

7 S 

60 , 61 


* EsfETtncea EO-324 are pp. SS2-eS3. 


X 
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3Sl 


TERPENES— Con/tnu<d 


Compound Trealod 

Solvent 

Product 

Yield 

Refer- 

Pulegone 

! 

c»n»oii 

1 

l*Metbyl-4-isopropyl- 
I(tene-2|3-cycIo> 
hexancdioDc + 1- 
nietI^'l-4-isoprt>pyl- i 
idefto-2,3.5-cyelo- 
heicabctrionc -{- 1- 
methyl-l-bopiopyl- 
ideDe-2-cthoxy--S- 
(or-4J)-cycJolse*eii-S- 
ooe + l-raeUiyl-I- 
faopnopj'lidcne^ 
elhoxy-5*(or &•) 
eydobcJene-2,^ 
djone 

1 

51 

Santenonc 

cn,co.n 

San(«itoDcquiAooc 

100 

312, 313 

et-Terpineol 


FlydroxycarTonQ 

— 

311 

TctrahydroyobjTioij- 

Mrbovle acid 

CtHiN 

Tetrahydrojt>b>iotxs 
earboTylic acid 

"" 

315 

\ cfbanone 

c,n» 0 H 

Verbenone 

— 

316 

"i obyrino 

Xylmo or 
{CH,CO)jO 

Vobyiono 


315 


MISCEJXANEOOS 


Acetylegonol 

CHjCOjH 

6i>-2-{Arctyl-d*- 
cgonolyllectenide 
+ 6i^-2-(acetyle. 
gonolyl) selenide 

- 

317 


{cnjCo)sO 

Noregonolonldiii ace- 
tate + CT-tiiCacc- 
tylegonolid) selen- 
ide + p-6vs(acetyl- | 
egonobl) selenido 


318 

J,4-lica2ovantheno 

— 

3,4-BcDzo3antbotie 

— 

319 

Castor oiJ 

11,0 

Itubberiikc substance 

— 

320 

Cottonseed oil 

— 

Cbajogatod uosatu- 
rated oils 

' ~ 

fi7 

Crotonaldehydo di- 
metliyl acetal 

CHjOH 

tJ-Melhoty-ot-Leto- 

butyiaUcbyde 


87 


* Ketmixm 90-334 »ra on PP. 352-386. 



3S2 


ORGAXIC REACnOKS 


AnSCELLAIvEOUS— Gonh'nued 


Compound Treated 

Solvent 

Product 

Yield 

% 

Refer- 
ence * 

Dibutylmercury 

None 

(CiH9Hg)2Se03 

— 

9 

Diethylmercury 

None 

(CjHsliSe -f 
(C.HsHg)2Se03 


9 

Diisoamylmercury 

None 

(iso-CsH uH g) 2Se03 

— 

9 

Dipropylmercury 

None 

(C^7Hg);^03 

— 

9 

Glucose 

HiO 

Not isolated 

— 

321 

Linseed oil 

— 

Conjugated unsatu- 
rated oils 


6 / 

LorcLel 

H;S04 

Not isolated 

— 

322 

Rubber 

— 

Product resembling 
vulcanized rubber 


69 

Sucrose j 

H.0 

Not isolated 

— 

214 

Tetrabydroosaietin tri- 

methyl ether 

CBzCO^ 

1 

1 

Tetrahydroosa j eti- 
none trimetbyl 
ether 

25 

1 

323 

Tetrahydropomiferitln 
tetramethyl ether 

CH3CO2H 

Tetrahy dropomif eriti - 
none tetramethyl 
ether 

20 

323 

Triphenylaiane 

CoHs 

Triphenylarsine oside 
-r triphenylarsine 
selenide 


9 

Triphenylphosphine 

CeHs 

Triphenylphosphine 
oxide -r triphenyl- 
phosphine selenide 


9 

Triphenylstibine 

CjRs 

Triphenylstibine 
oxide -r triphenyl- 
stibine selenide 


9 

\ 


* Eeferences 99-324 are on pp. 3S2-3S5. 
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INTRODTJCTIOK 

The Hoesch sjn thesis * consists in the condensation of a nitrile Tvith 
a phenol, a polj'hj'dric phenol, or a phenolic ether to form a hydroxA^arjd 
or alkoxTarj'l ketone.’ Usually, equimolar quantities of the reactants 
are dissolved in drj' ether, preferablj' in the presence of a catalyst such 
as zinc chloride (or ferric chloride), and drj' hydrogen chloride is intro- 
duced. T\Tien phenols are used, imino ether hydrochlorides are some- 
times formed as by-products and occasionally represent the only product 
of the reaction. 

ECN -f CeHdOH)! RCOCcHjfOH), 

RCN -f CcHsOH RCOCcHs 

il 

NH-HCl 


This sjmthesis, which is an extension of the Gattermann aldeh5'de 
reaction,’-® is closely related to several weU-knovai procedures leading to 
ketones, such as the Fries ’ and the Xencki ® reactions. 

The Hoesch sjTithesis has proved to be the most convenient sj-nthetic 
method for certain polyhydroxj-acjdophenones and polyhj-droxj'benzo- 
phenones. In these classes, there are twenty-five natural products which 
have been prepared bj' this procedure. .Among these hj-droxj’ ketones 
are anthelmintics, antidiarrheties, and antiseptics. The Hoesch reaction 
with phloroglucinol has been proposed as a method of converting nitriles 
to solid derivatives.® 

Certain substituted nitriles do not undergo the Hoesch reaction be- 
cause of the influence of one or more additional functional groups. 


* A. polemical discussioa has appeared between Hoesch ^ and Houben * concerning the 
prioritj' of the discovery of the reaction between ally ] or aiyd nitriles and phenols. Since 
Hoesch was the first to pnbhsh a description of this condensation * and since, in articles 
bj- Honbeu ‘ prior to the appearance of the paper by Hoesch, no mention is made that this 
type of reaction was either carried out or contemplated, the name “Hoesch reaction” is 
accepted in this chapter. Houben’s claim to priority rests on the basis that he had 
suggested pt ivatelj' the possibility of this reaction before the appearance of the early work 
of Hoesch. 

t Hoesch. Ber., GO, 3S9, 25-37 (1927). 

’ Houben, (a) Ber^ 59, 2SS0 (192G); (5) Ber., GO, 1551 (1927); (c) Ber., Gl, 1597 (1928). 

’ Hoesch, (a) Ber., 48, 1122 (1915); (5) Hoesch and von Zarzecki, Ber., 50, 462 (1917). 

* Houben and Schmidt, Ber., 45, 2447, 3616 (1913). 

= Gatter mann , Ber., 31, 1149, 1765 (1893). 

' Calloway, Chem. Bert., 17, 327 (1935). 

’’ Blatt, Organic Beaeiione, I, 342, John Wiley & Sons, 1912. 

® Xencki and Sieber, J. praU. Chem., 23, 147 (1881). 

’Howells and Little, J. Am. Chem. Soc., 54, 2451 (1932); Shriner and Fuson, The 
Syttemalic Idenlificaiim of Organic Compounde, 3rd c-d., John Wiley & Sons, p. 201, 191S. 
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men an n,e-un 5 aturated nitrile uid a plmol react under the conditions 
used for the Ilocsch sj-nthesis, the phenol adds to the olcfinio double 
bond with formation of a saturated nitrile which hydrolyzes arjej clues 
to a dihydrocoumarin." Such reactions have been refer^ to as 
“abnormal" Hoesch reactions, although Ihen.tnle group .snotmtolved 


CiHiCH— CHCN + III 


IH BC. IIOlf^OH 

* 1 ^HCH,CN 


in the initial condenaation. ^“"[^ucuTplS^ to*te"w5*«ha'>s‘ 
nitriles, which jield ‘abnormal pr<» «r!rTf,nn beta to the nitrile 
exclusively to *>'”* ^'^arWhory-, d-beazoyloxy, Mde- 

ETOUP, BUch as d-halo, d-hj-dro« , ^ ._Chlorobutyronitrile also gitTS 
hydo, d-tclo, and fa the “abnormal" 

an “abnormal” product. The P'?'' . fl.arj-lptopiomltilcs, 

reactions ate usually d-arylpropionic acids or P ary P 
coumarins, or dihydrocounmtira. the formation of 

The normal Hoesch synthesis iS al»> apftoble 
pyrryl ketones from nitriles and certain pj 


ECN + [ ]-*ir^CR ^ piCOll 

S n « 

Afur.hcrcidc„sic„of.hen.^>.ei"^^^^ 

tion of thiocj-anates >nth pheno » P® . 
esters. 


' Rsoher utd Xouri. Bfr.. SO. 693 (1917). 
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MECHANISM 

Hoesch assumed that the reaction involved three separate steps: 

(a) Formation of imino chlorides; 

RCN + HCl -i- RCCl 

li 

NH 

(b) Interaction of imino chlorides with phenol to give ketiminc hydro- 
chlorides; 

RCCl + CcHt(OH)i RCC6 Hs(OH)2 

1! II 

NH NH-HCl 

(c) Hydrolj'sis of the ketimine hj'drochlorides to ketones. 

RCCeHjfOH). RCOCeHjCOH): 

II 

NH-HCl 

In substantiation of this rdew, Troger and Luning “ isolated the imino 
chloride from chloroacetonitrile and hydrogen chloride, and Stephen ^ 
condensed this addition product ■with resorcinol to form chlororesaceto- 
phenone. Several investigators have isolated and identified the inter- 
mediate ketimine hj'drochlorides from a variety of Hoesch reac- 
tions.^ 

Stephen suggested a different mechanism.*^ He postulated that the 
imin o chloride reacted initiallj' •with a phenolic hydrogen rather than 
-with a nuclear hj’drogen, thus forming an imino ether which might 
then (1) rearrange to a ketimine hj-drochloride ("normal” Hoesch 
reaction), or (2) if properly constituted condense internally to a coumarin 
or dihj-^drocoumarin (“abnormal” Hoesch reaction). This mechanism 
is untenable,^ since imino ether hydrochlorides cannot be rearranged 



a Troger and Tuning. J. praU. Chem., [2] 69. 347 (1904). 
a Stephen, J. Chem. Soc., 117, 1529 (1920). 
a Houfaen and Fischer, J. praht. Chem., [2] 123, 89 (1929). 

Korczynsld and Kowakowsky, Bell. toe. chim. France, [4] 43, 329 (1928). 
“ Sonn, (a) Ber., 50. 1292 (1917); (5) Ber., SI, 821 (1918). 

“ Chapman, J. Chem. Soc., 121, 1676 (19^. 
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to ketimine hydrochlorides under the influence of heat with or without 
a catalj-st. Jloreover, the fact that phenol ethers undergo the Hoesch 
reaction n-ith tho same ease as phenols offers nddilional ecidenco 
against an intermediate imino ether. 

The “abnormal” Hoesch reaction appears to be merely addition of the 
phenol to the olcfinic double bond of the a^unsaturated nitrile.*"' • 
The e-xtraordinarj- susceptibility to addition of the olefin Imka^ m 
such nitriles makes this seem likely. The other nitriles Inch have ^ 
reported as undergoing “abnormal” reactions may be divided “to 
groups: (1) ^-hydnwy. ^bethoxj', jWi^Myloxy, and /J-halo; (2) 
aldehyde, <5-keto, /3-kctimino; (3) r-halo nitriles. 

The mechanism of the initial reaction involved m the first group raay 
be the direct elimination of water, ethanol, hydrogen cldoride, etc., 
between the functional group in the nitrile and a nuclear hydro^ of 
the phenol, or the substituted nitrile may be converted to an 

nitrile to which the phenoi maysdd orwhieh resy 

by direct reaction with a nuclear hydrogen of 1 e p en . , . ^ 

of the third group, the r-halo nitrUes, appear to condense chrectly wrth 
the phenol rather than through an unsaturated intermediate. 

OH ^ ^ li\n 


+ ClCHiCHiCHtCN — 11^^^H,CH»CH,CC 

V Houbea and FUcher. Ber., 60. 17^ 09 "?) ». TSS {192S)k 

"Shinoda. J. PhoT7». Soc. Japan, No. 

"Slater and Stephen, J. CArrn. Soc„ 111. 3OT 
•Soim. (a) Ber.. Bl. 1S29 a9*»- 

“ Langley and Adams. /. Am. CW ^ 

» Marsh and Stephen. J. Chm. Sac.. 07. 1633 a925L 
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SCOPE AHD UMITATIOKS 

Variations in the Phenols, Phenolic Ethers, and Nitriles 

A -mde variety of nitriles has been condensed with a relatively r^ 
stricted number of phenols.^® Phenol and substituted monohydnc 
phenols sometimes react with nitriles to give as products imino ether 
hydrochlorides, many times to the exclusion of any ketone. Phenol and 
/S-naphthol with acetonitrile, chloroacetonitrile, dichloroacetonitrile, 
phenylacetonitrile, and benzonitrile give 42 to 74% jdelds of imino 
ethers.^ Phenetole with chloro- or bromo-acetonitrile gives very low 
yields (8%) of ketones.^' On the other hand, trichloroacetonitrile reacts 
smoothly with anisole, phenetole, o-eres5d ethjd ether, Tn-cresyl ethyl 
ether, phen3d ether, and veratrole to give ketones, usually in jdelds 
varying from 50 to 100%. a-Naphthol reacts with acetonitrile to jdeld 
both imino ether and ketone (38%); the jields of ketones from or-naph- 
thol and chloroacetonitrile (55-83%), trichloroacetonitrile (o0%), 
phenylacetonitrile (40%), and benzonitrile (18%) indicate the wide 
variation that may be expected in this reaction, dependent upon the 
structure of the nitrile. Similarlj’-, a-naphth3d ethyl ether reacts to ^ve 
ketones with acetonitrile (2-5%), chloroacetonitrile (86%), and tri- 
chloroacetonitrile (95%) ; anthran3d meth3'l ether with acetonitrile and 
benzonitrile also results in formation of ketones. An excess of nitrile 
with mono- and poly-h3-dric phenols and their ethers tends to increase 
the yield of ketones.'" 

Extensive investigations on the condensation of nitriles with resorcinol, 
phloroglucinol, and their ethers indicate that this reaction is ver3' satis- 
factory for forming pol3-h3'drox3' ketones. The 3-ields of ketones from 
phloroglucinol or its ethers with aliphatic nitriles except those of very 
complex character are over 70%; resorcinol or its ethers usuall3' gi^'e 
lower 3'ields. Aromatic nitriles do not react so readil3' as aliphatic 
nitriles. In onl3' one instance has the introduction of two ketone groups 
been noted: acetonitrile and phloroglucinol dimeth3'l ether 3'ield a mix- 

^ Heactions have been described in T^hich an aromatic hydrocarbon or a heteroo'cHc 
compound replaces the phenol or phenolic ether. Although these reactions arc. strictly 
sx>caking, bej’oud the scoi)e of this chapter, the sjmtheris of pyir^'l ketones is described on 
p. 307; and the reader’s attention is called to the fact that trichloroacetonitrile in the 
presence of aluminum chloride and hydrogen chloride reacts with benzene, toluene, 
m-, and p-xj*lcns, mcsuylene, naphthalene, and thiophene to jueld c*>-trichloroacetophcnone 
C707c), £*>-trich!oro-p-meth:.-Iacctophcnoae (93%), 6>-trich!oro-3,4-dimethyl3cetophenone 
(G0%) , c<>trichloro-2,4-dxincthylacctophenone (94%) . cj-trichloro- 2 .S-dimcthyiacctophe- 
nonc (S3%), trichloroacetimidoniesitylcne (73%), a mixture of tA-trichloroacetonaphthones 
(20%). and a-trichloroacctylthiophcne (35%). See Houb^n and Fi£ch«‘r. J, praH. Chcm„ 
{23123,313(1920). 
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ture of l-hydroxy- 3 ,&^iineth<^*- 2 , 6 -diacetobcnzene and 2-Iiydroxj’- 
4,&-dimethoxj-acetophenone or, possibly, 4-hydroxy-2,6-diincthoxyaceto- 
phenone.‘* 


OH 


iCOCII, 

ICH, 


OH 

(j^'^OCH, 

U,(JL^^CH, 


on 


^OCHj 

COCH, 


Of the other polyhydric phenols that have been investigated, orcmol 
reacts readily to pve the corregwndmg ketones with acetonitrie (63%). 
benionitrile (66%), and ^phenylpropionitrile, but not mth sticcmo- 
nitrile. 1,2,4-Trihydroxybenzene condenses with psdilorobenzomtnle 
to give a S5% yield of ketone; pyrogallol, with the same nitnle, gives 
a 25% yield of ketone, but with benzonilrilc or succinonitrile it docs not 
react. The Hoesch reaction is reported not to take place noth catechol 
orhydroqumone.*^*’-’^” , ,, , • t 1 ..== 

Aliphatic dinitriles react with resorcinol and phloroglucinol less 
readily than mononitriles and usually give inono ketonio acids hy to 
condensation of one nitrile group and hydrolysis of the other Fr^ 
phloroglucinol and malouonitrile or glutaronitrile, a small .neld o[ ai- 
Ltone is reported.-- Apparently dinitrile, have not teen succe^ul y 
condensed with any phenols other than those men ion 

NCCH.CH,CN + ”ir^ocn.CH,co.n 


'H 

OCHiCHzCI 


with one aromatio nitrile group and one aliphatic, only to Jiphatic 
group appears to react.” ^„inol 

to'2:e”r^,t“’; dlbydrevy^hcayl. 

» DUU N™„4 a to'., n-ar V?.™“ 

“ n«ih™. IW.,r, Mmn. uU 'Ji jeo |<!J . ZS, 1Z30 (1031)1 

« Ysu-hus, S.,'. TMu Imr. to... lU -n* ‘V- (■ 

““ll- l««ri™ Slier (1933) 10-1.. 17,3337 

" V»m.shiU. Sei. i«»er . 

{1933)1 
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glyoxylic acid; with orcinol and 2 , 4 ^iniethyl- 3 -carbethoxypyrrole only 
the glyoxylic acids or derivatives are reported. 


CHs 


H' 



OH 


+ CNCN 


CHa 

U^^COCN 

Hol^OH 


CH, 


CO 


H' 



0=NH 


H' 


O 


CH, 


CO 



CO 


0 


HaC 


:|^CHa 


+ CNCN 


N 

H 


H5C202Cj 

Had 


n' 


N 

H 


iCHa 
COCN 


HaCaOaCjj jjCHa 

HacL JcOCOaH 
N 
H 

By reaction with ethyl cyanocarhonate instead of cyanogen, 2,5- 
dimethyl-3-carbethoxypyrrole is converted to the ester of the same 
glyoxylic acid. From 2,4-dimethyl-3-acetylpyrrole, the. 5 -glyoxylic 
ester is formed. The yields are excellent (75-97%). 

The reactivity of aromatic nitriles is affected adversely by certain 
ortho substituents; o-cyano-,^-® o-nitro-,^’-” o-chloro-,®^ and o-methyl- 
benzonitrile do not react either with resorcinol or phloroglucinol. 
Even in benzjd cyanide, which contains an aliphatic nitrile group, certain 
orlho substituents cause a reduction in the yield of ketone and sometimes 
prevent the reaction.^ o-Cyano- and o-chloro-benzjd cyanide 
react with phloroglucinol, but the o-nitro derivative does not. Howev^er, 
halogen, alkyl, hydroxjd, alkoxjd, and nitro substituents in the meta 
and para positions of benzonitrile or benzyl cyanide do not interfere 
with the reaction. 

» Yamashita, Sci. Ttejit. Tohol-u Imp. Pair., Ist scries, 18, 615 (1929) [CA., 24, 2443 
(1930)1- 

“ Yamashita, Sci. JlepU. Tohohu Imp. Vnic., Ist scries, 18, 129 (1929) [CA., 24, 9S 
(1930)]. 

“Yamashita, So. Heptt. Tohohi Imp. Untr., 1st ."cries, 24, 205 (1935) tCA., 29, 7316 
(1935)). 

” Orito, Sci. llepts. Tohaku Imp. Unii., 1st scries, 18, 121 (1929) [CA., 24, 93 (1930)]. 
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It a nitrilo confabs an o-haloBcn or o-hydrory snbstilncnt, ttc ibUal 
condensation is ottcn followed by ring olosurc to a coiunaroae. ■ 




5/ \cil. 

+ BrClIjCN -* 'Tl^^^jJoOCIIiBr ^ 

The nitriles of o-keto acids, nCOCN, react (a) wiU. 
phenol to fonn the normal condensation product, a ' 

W with two molecules of a phenol to give more ” ^ 

Thus, acetyl cyanide and propionyl cyanide condense mth ■““J''™' 
phlo^glucmol to give the eapcM diketones.n Amyl cyanides on^he 
other tad, wem tot reported to midcrgo. snnta 
bvestigatbn indieatrsl tlial the condensation takes P'”' ““ 
mole of the lienroyl ej-anide and two of the phenol to pie mmo la^ 
tones.” Tlie keto gmup of the aroyl cyanide "“‘t 

cules of the phenol followed subsequently by ' >’ 

drolysis, the imbo lactone U converted to the lactone. 


CM 


/ Vt^on 

HN-C ' " 

* Cilitf 


ni 




A 

met 

was 


f c,niCOCN' 


few attempts "me'thylmand^^ 

OH CtHi 

\ / 

C 

od^ OH, 

0“ I I 

a H,OCn,CCN ira ° 

^ i.11. 

“ BdT.. M, <>) Borsehe. W«lter. *nd 

“ (<.) Bonche tnd M. «1 (1926). W 

!«■„ 62, 1360 (1029). 

" Stevens. J. Chrm, Soc.. 1927, 3 j gjgj 

“ Bsdhwar »nd Venkstaramsn. J. ChtTit. Sce^ 
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In the Hoesch synthesis involving phenol ethers a single isomer is 
usnallj' obtained. With certain ethers, however, two isomers have been 
isolat^; thus iretol (4-methoxyphloroglucmol) and chloroacetonitrile 
^ve 4,6-dihj'droJ^-5-metho5wcoumaran-3-one and 4,6-dihydroxj'-7- 
methoxj'coumaran-3-one; ^ orcinol monomethyl ether and acetonitrile 
^ve 2-hydroxj'-6-methosy-4-meth5'l- and 2-hydroxy-4-methoxy-6-meth- 
3d-acetophenone.^ Phloroglucinol dimethjd ether and piperonylonitrile 
^ve 2-h3'drox3"-4,6-dimethoxj'-3',4'-meth3denedioxj'benzophenone and 
4-h3'drox3"-2,6-dimethox3'-3',4'-methylenediox5^benzophenone.^ If zinc 
chloride is used as a catah'st onl3' the latter compound is obtained; if 
ferric chloride is emplo3'ed both result.*^ 

The condensation of aniline and acetonitrile to give p-aminoaceto- 
phenone is the onl5' reaction reported between an aromatic amine and a 
nitrile.'*® 

Since imino chlorides are intermediates in the initial step of the Hoesch 
reaction, various imino chlorides may be substituted for the nitriles. 
Thus benzanilide imino chlorides react with resorcinol to give the 
Sehiff’s bases of the ketones which are then hydrolyzed to the corre- 
sponding ketones 


I J -f C6 HsC=NC6H5 

Cl 


=NC6Hs + HCl 

CfHs 


"Abnormal” Hoesch Reactions 

The '‘abnormal” Hoesch reactions run smoothly, but only a few 3nelds 
have been reported. The reactions of ^-aldehydo, jS-ketimino, or /S-keto 
nitriles, with resorcinol or phloroglucinol or their alljykted derivatives, 
fall ■within the scope of the von Pechmann reaction.*^ All the com- 


0 



CeHs 


=> Shriner. ifatMTi, and Damjchroder. J. Am. Chm. Soc., 61, 2322 (1939) 
Hao-TEins, J. An. Ojm. Soc., 65, 1421 (1944). 

“ Eater and Robinson, J. Chm. Soc., 127, 19S1 (1923). 

® Ghosh. J. Ct.m. Soc., 109, 105 (191G), 

\-on Meyer. J. praU. Ct.cn., [2] 67, 342 (1993). 

“ von Pcdnnana and Duisberc. Ber., 16, 2119 (1SS3). 
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pounds represented by the genera! formulas 

CN, ArtJ(=NII)CH 2 CN, ATCOOCH=C{Ar)CN, and HCOCH(Ar)CN 
give coumarins. An axocoumarin is obtained from resorcinol ^d malo- 
nitrile or ethyl cj’anoacctatc in 80% yield- ^-Ilydroxj’-, ^ 

^rbethoxy-propionitrilc react Tvith resorcinol, its monomethyl ether, 


^ + CNCHiCN * 


orcinol, and pUotOElucmoI to give in good ^Mds ^rs'Ipropionio acids 
or the corresponding dihydrocoumarins.*'* 


+ HOCHjCHjCN - 


)n 

;HiCH}C0jH 


in 21% yield. 

Reactions with Pyrroles 

Inaiin.i,ednnn.berofnnctionspy.^osha™tenusrf^^^^ 

s,. thesis and pprey. ketooos 

triles and aromatic nitnles " have been emp j 

** Chapman and Stephen, J. CAent See., 65> 2465 (1W3). 

“Bticke, Panat, Gearien, and 
"Fiacher, SehneUer, and 
« Fischer, Weiss, and Schubert, », 

"Seka, Ber., 66, 205S (1923). o«fl926)l. 

" KaUe and Co.. Ger. pat. 365.0® [Pr<«. 11 5>8 
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been conclenEcd willi 2,4-climcthylp3TTnlc (54%) and ^vith 2,4jdimethyl- 
3-carIjothoxj'pyrro!e; diloroacetonitrile, inth pyrrole (20/c), 2,4-di- 
methvlp\Trole, 2,4,5-trimcthylpyrrole (57%), 2,5-dimc(hyl-3-carl)eth- 
oxj-p.'TTole (75%), and 2-inethyI indole (20%). 2-Mcthylindole gives 
excelient vdclds vdlb Ircnzyl cyanide, ethyl cyanoacctate, and benzoyl 
cyanide (70%)." Cyanogen and ethyl cjainocarbonatc " liave been 

CCOCn-CtHs 

^CCHj 

N 
H 

condensed in good yields ".vith 2,4-diinethyl-3-carbethox5'p3TroIe, 2,4- 
dimethj-l-3-acetylp3TTole, and 2,5-dimethy!-S-carbetho.\TPjTrole. 




yCCHa 


CtHsCHaCN 


Reactions vrith Thiocyanates 

Earlj' in the studj' of the Friedd and Crafts reaction “ it was demon- 
strated that phenjd thioc3-anatc and anisole or related phenol ethers 
react in the presence of aluminum chloride to give thio esters. It was 
established much later that this reaction takes place \dth certain phenols 
imder the experimental conditions of the Hoesch svmthesis. Thus, 
resorcinol or phloroglucinol or orcinol and methyl, eth\-l, and n-butjd 
thiocj'anates 3'icld the corresponding imino thio ester h3'drochloride3 
-R-hich can be h3'drol3'zed to thio esters.^ Phen3’l thioc3'anate is reported 
to react with resorcinol, orcinol, and phloroglucinol to give quite stable 




-b RSCN 


na 




NH-HCl 



imin o thio esters which, unlike the corresponding alkad derivatives, 
yield acid amides on h3'drol3'His with h^-drochloric acid.“-^ 

A reaction between phenols and isothiocyanates enn occur under the 
conditions of the Hoesch synthesis. Although this condensation involves 
neither a nitrile group nor an imino chloride, nevertheless, it is of interest 
in connection with the condensation of phenols and thiocc’anates. Eth3'l, 


^ Spaih s^d Fuebs, JfontzUh., 42, 267 (1921>. 

== Test zed Gzttettezee, 25, 3323 (1S&2). 

" Kzufczzea zed Adzrzs, J. Am. Chem. Soc.. 45, 1745 (1923). 
« BerEchs zed Xiemzza, Ber., 62, 1743 (1929). 
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allyl, €i^apht!.Yl, nntl phrnyl i-sotliiocyaniitM react with ct-naphthol, 
pyroRallo!, resorcinol, or phJon^tucinol to give amides of tbo acids. • 






SELECTION OF EXPEWMEBTAL CONDITIONS 
Tlie usual proewliire for (he lloesch (^-nthesis is to 

quantitiesofnitrilcandphenolindrj'cthcrandtopassin rj . 

dJoridc to Batorotioo «hil» tho mtCon mixtun, .. rfy trf 
from moisture by m«M o[ u culnum cOmuk tubo. 
ho, usually bccu rnaiuminrel at about O*. Vanoua Ptoc« “ are tl^ 
Kribcl involviuR dinoreat timo (actora for «mplct.on »' "‘"™' 
Sometimea tho ruction mitture Itaa boon rvorkrf up alm»t > 

niter mturation tvith tho hydroRon ddoriJo; 

mixture hat licon held at 0* from a few houta on ew ' it 

mondation anti, rerprot to the time Stil 

nppeara ndytmblo to allow the "",1 tho'hydroBrn chloride, 

hours ^\-ith those nitriles winch react s!o\ b l.vdroeen chloride 

Ilydrot^n btomido 

on y m mro instances •* and probablj sn -aertion such as the 

hydros™ chloride may ea,f« some ' ^Xfoe 

replataanent of an active bromine in t o ni n product. 

Dty ether U the »liynt tl» '“-I, 

Glacial aretie acid ia a pass, ble suhst tote teeth™ 

for the imiao chlorideai ” ^ILn^ored suceeifully ate chloroform- 
lower. Other solvents that have reported ns unsuit- 

ether,.! methyl acetate,;; .'‘■'i'lrr tthS“aud 
able are acetic anhydride, diorane, J , ^ indispensable 

Anhydrous zinc ddoride catolj-st ifused.-' 

eatab-st."... In Rcneml the L c^- 

Feme chloride sometimes has a®' Efficiently numerous to make it 
parative experiraents luavo not been . j^iinum chloride, a more 

pomiblc to predict n-luch la to be preferred^ Atummum 

powerful catalyst, is sometimes necessary . 

» Karrcr and Wei«. Hd.. Chim. 

“ Mayer and Mombour. «. ijj®, 2344: (b) 1929. 61. 

"RoUnsonandVeQVataraman.W.^*-'^ 157 

“ Freudenberg, Flkentacher. 

“ Borache and Niemann. Brr.. 69^“’ t*®”- 

“ KroUpfeilTer. Ber., 86, 2360 (1923). 
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Wien the reaction with hydrogen chloride is complete the hj-drolyris 
and isolation of the ketone may be accomplished in a number of ivays. 
If the kctiminc hydrochloride is very insoluble, it may lie filtered from 
the ether and hydrolyzed. Isolation of the ketimine is attended with 
greater succes.s if a catalyst has not been employed in the reaction. It 
is reported that the ketimine hydrochloride.s may be converted into the 
less-soluble sulfates by dissolving the hydrochlorides in water and adding 
dilute sulfuric acid or aqueous ammonium .‘■ulfatc.^-^ 

The reaction mixture containing the ketimine hydrochloride may be 
treated nith water and the ether Layer removed. The aqueous solution 
is then heated, and the ketone which separates is filtered or extracted 
with a solvent. Sometimes etlianol or aqueous ethanol increases the 
rate of hydrolysis, but the isolation of pure ketone is often more difficult 
under these conditions.’- The hydrolysis may l>c facilitated by the 
addition of dilute aqueous ammonia,^--’ sodium hydroxide,*” calcium 
carbonate,^’ dilute hydrochloric acid,’” or dilute sulfuric acid.'^ 


EXPERIlIEirrAL PROCEDURES 

Phloroacetophenone. Detailed directions for the preparation of this 
ketone from phloroglucinol and acetonitrile in 74-87% j-iold arc given 
in Organic SynlhcscsP 

4-Hydroxy-l-acetonaphthone and Acetimino-a-naphthyl Ether Hydro- 
chloride.’’^ Dry hydrogen chloride is bubbled through a solution of 
14.4 g. of or-naphthol and 4.1 g. of acetonitrile in absolute ether while 
the mixture is cooled in an ice bath. .After twelve hours the solution 
takes on a dark-green color and small, green needles of 4-h3'dro>y-l- 
acetonaphthone ketimine hj'drochloride are deposited in the bottom 
of the flask. The separation of crystals is complete in three to four days. 
The supernatant liquid is then decanted from the product, which is 
crystallized from glacial acetic acid, filtered, wa.shed with ether, and 
dried. The needles decompose slowly above 200“ and finally melt with 
blackening at 251°. The hj-drochloride is stable in the air and is not 
hj'gro5Copic. The free 4-hj'drox5'-l-acetonaphthone ketimine, which is 
insoluble in water, ethanol, and ether, is obtained by treatment mth 
aqueous sodium carbonate. 

The ketimine hydrochloride is boiled n-ith water until the white 4- 
hydroxj--l-acetonaphthone separates from the solution. The cry'stals 

” Bauer and ScBoder, arc?.. Pharm., 259, 53 (1921). 

SBoesnilh and Haldane. J. Chm. Scc^ 125, 113 (1924). 

“ Gulati, Seth, and Tentatarauiau, Orz. Syrihan, CoH. fol. 2, 522 (1943). 
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are filtered, dried, crystallized from benzene, and mshed with petroleum 

oTsSiig to Bk to eight w«kB, themolher liquors from the crystal- 
lization of the hetimine hj-drochlotide deposit large, pale-green ”1 

acetimino-oMiaphthyl ether hj'drochloride. Th^ are p ^en , 

solved in hot glacial acetic acid, mrd filtenrd, and « '“Wj 

The imino ether hydrochloride is precipitated noth ahsohite^her, 
filtered, washed with ether, and dried; white, regy hygroseopie crystals 
are obtained v,-hich decompose above 200 • Kntfnmf'd 

p-(2,4.DihydroT7phenFl)prcpiomc Acid« In a 
fiai proteetrf wilh a calcium chloride tn^ are 

resorcinol, 90 g. of pure d-chlore>propioniltde, and .00 ^ JfreJhlv 

To this siution is added 40 g. of zinc chlonde which 
fused and then powdered, diy hydiogm ' The 

houre, and the flask is aUowed to stand to "S' Jrf 

mass of crystals that f the red solution and 

allowed to stand for forty-eight honis, Htmte to stand 

39 g. of solid separates. After filtering and aUowuig the nitra 

for a week longer, 23 g. more of crj-stals ^ , Aj pf ^ter and 

The total quantity of crystals “ <‘'^''5^,“ “ ^(g.idihjdiiivy- 
heated on a steam bath for four hours. A i ^ j heating 

phenyl) propionic acid lactone first removed, but the reaction 

is interrupted. The layer, kPw'=.'-'h « "«' ■“"'"'p, gradually into 
mixture is heated further, cau^g n-mJ to stand for some hours 
solution. This solution is cooled and a ,y acid crj-stollircs 

after nhich 86.5 g. cf vacuum to 

and is filtered. The aqueous fiUra ' ^ crj-stals which weighs 22.5 
175 ml. and cooling, yields a secon P p^jy inorganic 

g. Further concentration and coolmg o f56%) The substance 

salts. The total yield of difficult to remove even 

IS almost always light ^th decolorizing carbon. The 

after several crj-stallizations frran Kolution vciy slowlj'. lu 

substance alwaj-s separates _t 165 ® with decomposition, 

spite of the color, the obtain^l by hydrol- 

the same temperature as that <h t 

j^sis of the pure lactone. r 1 1 n ,» of o^TTole, 20 8 g- of 

2-ChloroacetylpyrTole.« A inKt|^ of IflTj with ice and saturated 
chloroacetonitrile, and 100 ml. of e er moisture is e-tcluded. 

with hj-drogen chloride in such a manner that mo 
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The precipitated irainc hydrocliloride is filtered, dissolved in 100 ml. of 
water, and heated for two hours on a .steam batli. The black, solid 
product is powdered and extracted with carbon tetrachloride in a Soxhlet 
apparatus; yield 5.7 g. (20'%), m.p. 117-119°. 

Methyl Thio-p-resorcylate Monohydrate.^ A 1.5-1. v.ide-mouthed 
bottle is equipped v.ith a three-holed rubi>cr .stopper through which are 
passed a mechanical stirrer with a mercury seal, an inlet tube with a 
wide mouth reaching to the Ixittom of the bottle, and an outlet tube 
wliich e-xtends through the stopper and to which is attached a small 
upright water condenser, the upper end of which is closed with a tui>e 
leading throu^ a sulfuric acid tvash bottle. In the bottle are placed 
110 g. of resorcinol, 73 g. of metlnd thiocyanate, 13G g. of anhydrous 
zinc chloride, and 275 ml. of anlr.'drous ether. The stirrer is started, 
and the mixture is agitated for about an hour, until solution is complete. 
Dry hydrogen chloride is then bubbled into the solution for thirtj' to 
forty hours while rapid aptation is maintained constantly. Noticeable 
wanning takes place at the beginning and continues for two to three 
hours. 

.After fifteen to twenty-five hours the separation of crystals begins 
and contmues for some time until complete. The mi.xture is allowed to 
settle, and the clear mother liquors are decanted. The methyl thio^ 
resorcylate imide hydrochloride thus obtained is crystallized twice from 
hot 15% hydrochloric acid, washed with cold acetone, and then dried 
at 100-110°. The product is practically pure white and melts at 244- 
245° (cor.) with decomposition. 

The pure imido thio ester hydrochloride is dissolved in three to five 
times its weight of water, the solution is cooled, and sufficient saturated 
sodiuin bicarbonate solution is added to make the mixture alkaline. 
The methyl thio-^resonn'Iate imide which precipitates is filtered and 
washed with water and then crystallized from methanol; gmnll yellow 
needles, m.p. 197—199' (cor.) with decomposition. 

A solution of .35 g. of once-rc-crystaUized methyl thio-^resorcj'Iate 
nmde hydrochloride in 1..5 1, ot water and 5 ml of concentrated hvdro- 
chloric acid is reSuxed tor five hours. Upon cooling 2*5 g. of methyl 
thio-^resorcj-late monohydrate separates. This is purified by dissohing 
in a little boiling ethanol to which bone charcoal is added, filtering and 
reprecipitating with water, and finally recrystallizrng from 50% ethanol; 
colorless needles, m.p. 70-71' (cor.). 
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TABITLAR SURVEY OF TIIE HOESCH REACTION 

In the five tobies tint follow are listed tho imino ethers, J^etones, and 
other products reporte<l in the literature covered bj' Chemical Abstracts 
throuRh 10^17 as having been prepared by the Iloesch and abnormal 
Iloesch reactions. 

TABLE I 


luiNO Enitn ni»ii<Jc«eoi«o“ * 


Ite&ctantJ 

products 

Yield 

Refer- 

Phenol 

CHiCN 

aciijCN 

a:CncN 

CUCCK 

c»n»cir,cN 

C«1I,CN 

Awtiwinorheayl ether 

Cloroseeiim.nophcnyl ether h>;«lwhl»ride 

I>ichloroafetiminopl>r“y‘ 

Triehtorosectiminophonyl ether hy-drwhbnde 
rhenybeetiminepheayl ether hydrcehlondo 
DctuimJnophenyl ether hydrochlondo 

65 

73 

70 

74 

n 

CO 

2o 

2a 

2a 

2a 

2a 

2a 

w.VapAttot 

CHiCN 

Acetimia*<-n»pl.thjl ether hydniehleride 


2a 

fi:\'aphthcl 

C1I,CX 

ClCHiCN 

Aeelimino^nsphthyl i 

Chtoroftrelimino-^Mphthyt ether hydroc 

45 

52 

2a 

2a 


u, u. 
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TABLE n 


IVETO:>ES A?n> CotiilARANONES 


Etartaits 


Ar.iKie 

OiCCS 

o-BrcTrjxnitcU 

CTjCCK 

C!CH:CS 

B.-CHiCK 

ajCCS 

cucc;? 

CIjCCS 

ciCK 

CJCHrCK 

OjCCX 

CjHjCH-CK 

CHiTO 

CICHjCK 

cuccs- 

CHiCK 

CjHsCS 

r«roir* 

CljCCl? 

CHiCjr 

K-CiHiiCit 

CH:(CT2 

C:,'CCHj3;CS 

CXCCHdjCii 

CK(CHi<C; 

acHiCS 


BrCH2C^» 

EOCH 2 CK 


CEiOCHjCK 

C-HsOCH-CS 

CjEsOCHiCK 

CsHsCOOCHjCK 

CtHsCHrCX 

;>CrC<H<CH2CK 

ri-^OsCsH^CHj^IK 

j-CTjCsH^sC?; 


Prodacts 

TitM 

% 

Refer- 
ences • 

4-iIcthaiy-<i^tri£li!oroac?topbcnonc 

70 

17 

Wlrthoiy-J-broEO-u-trichbrOMTlopissm; 

£ 

17 

4-I!tboTy«o<Horoaoelopb«ioae 

8 

17 

4-Et5ioiy-K>^jrtnnoa»toplisnocc 

8 


■mtiioiyi^tnciloroacrtoptcnone 



4-^!tbQi7-3-Ei5tb5i-ej-tritMoToacctor.bcnone 

79 

17 

4-tthoi7-2'<ntlbyl-cj-triti!oToa«tcpbs^^ 

60-70 

17 

^-I^raoTy-w-tmHortsicrtopbencae 

- 

17 

4-Hyiirox7-l-aceto35pblhoac 

3S 

2a. 17 

4-Hydrary*I<fcloroacelcnapblbonf 

65-83 

17 

4*Hydfox7-I*tricl33roaceicapbtbosf 

50 

17 

4*Hj*drciy«l-pbfaylafieto23pbthone 

40 

17 

■t'Hydraiy-I-bfnzosapbtboac 

IS 

17 

^Ethary-l-ftcctctiapblSose 

2-5 

17 

4-XSi.oi7*'l*cbIarosce!0sapbtiat« 

£3 

17 

4-Zihai7-l-trii3oroaceto=3phlb5ne 

95 

17 

t^lIethoiy-lO^tbryl EiftHyl brtone 

-t 

eo 

S-iletinxy-lO-antiryi phenyl tethnine bydroilcride 

— 

eo 

2 ,4-IKiatthoiy-<^trichIorasortopbtnon2 

55 

17 

2,4-D2iydrcx7StttOvhenon* 

10-01 

33,3^.13 

n-A=yi 2.-W2:ydroiypbenyi ketone 

27 

R 

c?"C7nno-2,4-<iibTdroxyncetcph.»none 

— 

153 

g-2,4-Dihyd.’tji j li>:‘;^<.;y!pr optonig acid 

21 

23,65 

Y»2,4-I>Sy droiybemoylir^ty ; g acid 

— 

25 

0-2.4*I>Ihyd:ux>Leni07l7a!erin add 

— 

25 

2,4“I>Ibyd:ci>~cj<hl^ortacetoph£nsng 

£o: 

12,203 

&*Hydrui7-2yVd2:ydro-2(l>-b?n2ofnmnone 

— 

34 

2,4-I}5:ydro^“{j-tron:aa£gtophencne 

£»-100 

17. 20i, &■ 

2,4-IXhydrniy-okydroiy&eetophgnong 

58 

C7 

C-Hydros7-2(l)-b5nrcfnraDons 

— 

15 

2,4-Dil7d: un> ■‘■a^netharyscetophensne 

70 

15 

2,4'Dih7drciy-c?-etrozyacetophsncns 

— 

2t» 

2,4-I>Ih7drg^-t»^hgnonyacetophengna 

— 

20 s 

2,4-Di/drui> -la-tenojla^naetophenons 

£0 

C3 

2,4-Di7droi7-i;^hesytiC)rtopisncns 

50-75 

69 

2»4>I>2ij^oiv-tg-?-d:farophenylae«to^ 

— 

69.3 

2, j-IXhy d;csy-{j»-r>nftrophes> laectophgncfne 

47 


2,4-rG7draz;^<j-?-sigtiyipienTi2cctcipberi^ 

— 

60a 


* Hefereaces G4-110 are on p, 412. 

"t Alnmin-om cnicmds as catalyst in tenzene aa solTent. 
J 1^0 catalyst employei 
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TABLE n — Ctmiimud 


KETOJreS ANB COCMARANOJTES 
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TABLE n — Continued 


Ketokes akd Cotmaraxokes 


Reactants 

Prodncls 

Yield 

% 

Refer- 

ences* 

JtnfJTcind monorndhyl cOier — Cen- 
tir.ued 

CHjCHOHCN 6 

-M€liioiy-^Tnelhy]-2(l)-ben2ofnranone 


19 

p^:HjOC6H4CH!CN 2 

-Methoxy-4-hydroiy-w-p-inetiioayplienyhcetopbenoae 

— 

77 

and as a by-prodcct 2-hydrcTy-4<netiiaiy-c»^’P^etboxy- 
phens'Iacctopheaone 

i-Hydroxy-i-msUioxy-cij-p'^netJioiypbeiiylacetopliecone 

_ 

78 

Resordnd iirrjihyl ether 

CHxCN 

},4-DmethoTyacctopb«ioce 

— 

38 

aCH^CN 

J,4-DiEsetboiy-cJ-chloro3cetopli€noce 

00 

20:5 

BrCHjCN 

>,4-IXEefhoiy-c.‘-broaiOQcetophecone 

— 

05 

HOCH-CN 

2.4-Diinethoiy-«-hydrox>-acctoptenoiie 

-{ 

19 

OHsOiCOCH-CS 

2,4-Diiiiethoiy-tX2rljetbuiyoiyacttopbenone 

— 

66 

djCCK 

2,4-IMraetiioxy-«-trichIoro3cetophtnone 

100 

17 

G-Evirory^rneihytberizofvTan 

aCHiCN 

S-Cbloroaceto-^-nethyl-O-liydroiybeiuofiiraa 

1 — 

79 

CtHsCN 

5-Bea2oyl<iHmetbyl-64iydroiybciizofiiraa j 


SO 

p-HOCeHiCX 

5*(4'-Hydroiybc3joyI)-^*m€tbyI-6^ydroiyl)eii«ifcraa ' 


81 

p-CHjOCeHiCK 

5^4'-Jf«tiio^b«iroyI)-3»n:etbyi-6-bydroiybenrofiiraa , 

— 1 

81 

3,4*(EO)2C6HjCN 

5-{3 ',4 -Dihydroiy}-3»nethyl-6^y droxybeniofcraa 


79 

e-E];droTj-S-ml}:ii-S^O\-jdTo- 

btnzofuren 

C6HsCN 

3-Methyl^be22oyl*4rhydraxy-23-di[b7drobea2ofnran 


80 

S-lItaylramind (2,&-Da74n)xj-- 
l-methylbenzene) 

CHjCN 

2,4-Difcydraiy-3-ffi«ihTlacelopbei:one 


82 

CHjOCHiCK 

2,4-D2iydroiy-3-mettyl-itf-n:eliiyoxyacetopI:encne 

— 

£2 

Ordr^ 

CHiCK 

2,4-I>iiiydroiy-6^etiylacetopbeiiocs 

63 

Za 

CtHsCHjCH-CK 

2.4-Diiiydroiy-6»cietl3yl-^pbOTylproinopbeconfi 

__ ♦ 

♦ 

71 

CeHsCK 

4,6-IXhydraiy-2-metiiyIbeiiiopl:eiitme 

65 

Za 

CNCN 

6-Hy draiy-4-niethyl-3-beto-2,3-dib7dn>-2 ( l}-benjofaraoon€ 

♦ 

* 

32 

Onind 

CHjCX 

2-Hydroiy-4-inetlio^-6<netiiyl- and 4-bydrciry*2-aietIi- 

27,32 

33 

PyrojsIW 

oCTjCOOCfiBUCK 

oxy-^jnsthyf-acctopbesone 

2,3,4^'-Tetraliydroxybeazopbeaone 

IS 

73 

p-ClCcH^CN 

2.3,4-Tnbydnj^-4'-ddorobeiiiopbenone 

25 

14 

2,4-{CH*C00)2C6H3CK 

2,3,4^',4-Pc3taliydroiybeirroplisnon.e 

18 

75 

j*4-TnhyiT0zyherje::e 

CHaCK 

2,4.5-TriIij droiyacetopbenone 

Poor 

S3 

CHiOCHjCK 

2,4^Tribydroxy-t>n:*thoiyacetoplienQne 

50 

83 

jv^nCeHtCX 

2,4^Tr2iydroxy-4'-diIorobearophecoae 

55 

14 

3.MCHiCOO)iCeH:CN 

2,4^,3',4'-Per!taIrydroiybeazopl:ensce 

24 ^ 

14 

P}2erod’-idrjd 

CHjCK 

2,4,6-TrOi7draxyaceto;ienoae 

74-S3 

33, 57, 63 

CjHiCN 

2,4,6-Trihydrca> ^ropiopbesoae 

73 

84 


2,4,6-Tr5iydroij-LritjTopbenona 

72 

84,85 


2.4.6“Tribydroi> Bobatyropbenone 



S5 

n-CiH-sCN 

2,4,6-Tnbydroiyvaleropbeaone 

£0 

84 


♦ References 64-110 are on p, 412. 
t Ko catalyst eniplo 7 ed. 

^ Chloroform-etlier as solrent. 
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TABLE II— 


Iverovrs AVp Cocuaiunovfs 


*C«HiiCN 

‘•CiltiiCX 

CXCHiCN 

CN(cnj/:ji 


nocn/TH 

ai,ocH^ 

cniCTZKrifcicy 

c.ii,eixarjcj» 

c»H»cn,cx 

►<x,n4ci!jcx 

Ktcin,cn>cx 

f4tOC,a,CKfi>t 

Ka,oc,n4ciiiCx 

^scjtjcnicv 

•^Nc»ir,niicjj 

Ksc,n,cn,cx 

*<»iSC,H,Cll<CX 

»^N'C.lt4CHiCX 

c.ti,cn,ciiK« 

^HOC,U,CH,C^,CX 

K:ff<tw4n,cn,cnic 

»<;u,C4i,cnjCu^K 

CHiClttfEBtCS 

C.ILCX 

■^C,B4CS 

•-noc4i!4Cs 

■-BOCiJJjCX 

p-nocea4CN 

«-H(M-cn«ocin4CN 
*-NOrW!OC47I»CN 
j «-(cn,0i)C4UjCX 

cn,cocK 

C.R,COCX 

»<Wi0CJl4C0CN 


111 >-^AiMi»Ma7Wir« 4 iro |A fa«n 
lu(Hft'TrAr^«a>‘pWft)1^(kAa4 Mi 
tn))ydra«3rM»lo|<>i4*MO* 

>-ll ^Tn7ixiriii;lm«)>lb«OT)0 tii Mi fi- 

4-H6’Tyjtyi^titeM^lrtSnie Mai 

14.6*TVihyift><y Mi I.^^Lliyip 

I.A'DiJiril’SQ'^flHMMftinaiM 
M ^Tri]vin*T'i'«>'*burMtUil>nvi»a 
l>Oih7-irair<S«(4fl444Uii4to4(l)-W*iorunMU 
li4.frTtJirlffHy«» t «ii»aTlaint*»p|’t>tOB» 

2.4 ^T«brilr«9i4^|iliMolMH«rfcrn«At 

2. 4 4-T>Aj-Jw^2Vbto«ij*wl)*(irt«j^»e5» 

^TVibr<lra(;v<4'<l>I(i>o|4M))rtl*<'4e(^n>on* 

t4.fcTtilii’4f9WW4‘J»*®*niWl'»»l»rhtti»* 

7.4 4'Triiy>lr«(r^4‘'iDrtb»>yvb'i>rDM*1«rbrnM» 

2.4 frTriii]rir«lrv<2'-cmMr4ira;DM*>'’rbrMpTi> 

. l,^Trib)rdrat)>^4'-«nMrbn>yl)wrloT^'DCM 
' 2.4 ^Tribyir>>yM<r*n>tt«|>iMrt)w*<ati>n«ii> 

l,^Tnhyir«ty.MO'-«itr*2bMi)rl)Mr<a|p}irWin« 
l,^Tnb]’l(«q>w44.«>ti«rbMir*)M*l‘i4»Bon> 

I,ft-Tn4yilr)iy.w^l 4iT4n«jTW»j!)t»«!w>(ibKione 
ll,4-Ttibrdroiy»»<l'A»iln<inil>niyUji««t»ot*n»in 
. I.A.TribydiwrwHI'HBrlbyli'bMirtp^’VbcMM 
k,^TKbyivo^T4.HbyV2JV4<bsiia>2(4)4M«wturMoo6 

'll 

!,4,VTtibyiro>)»J'<l»liiMM»»i)fbtiQiit 

' ft.Ttih}’dio»y-l’-<bl'»»4>''“<>pb«t«o» 

b'DihyiraXfMtbnHW 
IS'-TcMbyims'brviaiibmcm 
2,1,1 2 -T«(nbyii«i]rbr>i>0pI>4MM 
1,9 4'-Tctr>ivinnyt>ra*i>|ib«inOT 
,9 9'.4'-rfi>M>rbw4»" »°l *«’‘’i ° » 

,9,4'-Tttriiijrii®»j^-»irO>i>iyb»««opli««M 

I t-n,4 9-T>ihr>lr«]rrti«vV|<«|«i>»'l>i«>‘’ I 

|f,l,<4.TVlbyi{rat;bm( j 

jli9.V.VA''l1«ul»in«y<iifi>>M97w«ttaM>iiiiuoalMtoM| 

1 2,4 b-TtllmliwyyHwtb ftMi i m J I 


* Boferenofti (V4-1J0 ■« 
t No OM»ly«t tmployoi. 

3 Alu&Uoum dUorbJt m 
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TABLE II — Continued 


Ketones akd CociiAKANOxEs 


— 



Refer- 

Ucacianls 

Products 

jC 

en«3 • 

PAIorojfurincI— 

5,4,0-TrThydrorj'-4 -methoiybennl 



pCHjOCtHiCOCN : 



‘,4.6,2', 4',C'-nexahydroiy-4''-incthoT>-trjphenylaoc tic add 
imico lactone 

m 

30'j 


3,4XCH»O)iC«HjC0CS I 

l,4,{>-Trihydroij'‘3',4',5-trimethotybKi2tl 



j)-CTCtH<COCK : 

l,4,6,2',4',6*-Bciahydroxy-4"-chl3rotriphcc>'Ucctic acid 
ialno lactone 

n 

'njj 

Phlcroslunr^ nmentO-.'J dhtr 



853 

n-CiH:CN 

t.O-DIhydroiy^S-acthoxybalyrophencne 


CeHjCK 

2,G'Dihydroiy-t-ncthoxyb«i2opbmone 


So 

CHjOCHiCK 

2,4-Dih3'dftrxy'w,C-dimethQT5’arttopbenone 

DO 

S5 

CiHiCOOCH-CS 

PAIcroffluriael dmdAyl dher 

2,4-DIiiydfary-6*inelhoxy-«--l«j2oyloiyacclo7h«ione 

7 

55 

IS 

CHiCN 

2-Hyd.mty-4,6*dis:ethox5‘acctophesone and l-bydroiy-3,5‘ 
diinetboiy*2,G-dhcctyIbearene 



CHtOCH-ra 

w,2,4-Trniclhoiy*6“hydroiya«tophcaone and a cnall 

24 

97 

amount of «if,2,<rtrimethoty-4-liydfoi7acctopbenon« 



CeHjCOOCHjCK 

2,4-Danelhoxy-&4iydnix7-«.>4>enioy!oiya«tophTOone 

i 55 

55 

CtHsCK 

2- and 4-Hydroxy-2,0'dimethoiybcnzophmotie 


9S 

p-HOCeHjCHjCX 

2,4-DinctboTj*-C4iydroiy-w-(p-bydroTypbetjyI)-a«to* 


W 

pbeaoae and a small amount of 2,$-dimetijoiy4- 
hydfoi3'-w-(p4jydroTypbenyl)acetopbenoce ] 

2-Hydraiy-4,6“diinetboi>’- and 4-hydrox>’-2,C-dimethoxy- 
3',4*-is«lhylenedioiyben2opbeDon5 


13 


3,i^CH.05)CeH:CK 

3,4-{CHiOdCtH,Cjr 

4-Hydroty-2,6-diaetboiy-3',4'-metbylesedii3iybeiizo» 

33 

13 


pbenoue 



PKlaT<^1uciru^ inndhii e£Ur 




CHjCS 

2.4.6-Trimethoiy3CctopbenoDe 

85 

13. IS 

aCHsCK 

2,A6-TrTmelbaiy-.tj-cb!ortacetopbfcone 

— ♦ 

5S 

BrCH-CN 

2,4.6-Trjmstboiy^'-lroraoacetopbencine 

-j 

5S 

p-HOC cH^CHjCh 

2,4,6-Trimetboiy-a-<p*bydroiypbsnyl)acctopbenone 

10 

99 

3,-HCHjO)-C5HiCH-CK 

2,4,6-’lrimethoiy^jri3',4’-<lc2ethoryphenyi)acetopbenone 

32 

100, 101 

CsHsCHBrCS 

2,4,G-Trib7draiy-<»4jroino-o-pb5njl3cetopbEnone 

45 

5S 

3..«-<CHiCOO);CcH3C5J 

2,4,6-Trimethoiy-3',4'-dihydraiyheiiropbcaone 

IG** 

13 

4-HO-3-CHjOCeHjCK 

2,4,6.3'-Tetramsthoij'-4’-bydroi5’ben20pbeDone 

12 

14 

3.4-{CH202)CcH3CN 

2,4,6-Trimctbo3y-3',4'-mptbylened:oiybcnzopbe2one 

655 

13 


2,4,6-Trhaetboiy-3',4'-metbylenedioiybenzopbeiione 

46 

13 

J^^rrilidrcry-S-n<i?.i'2<Rzerj! 




n-CtHrCh 

2,4,6-Tr3^droiy-3<i:fthjlbatyrcipheaons 



S5b 

l,S^rriAy!ircrv-5-Maic:y2»«n2cn« 





CHjaj''^=5ipCH^O;CHj HCV'^^^sOH 

— 

So 

CHjol^^^JcHsCK 

cocnij^jJ 

OH 




* Keferences 64-110 are on p. 412. 
t Xo catalj-st employed. 

5 Ferric chloride as catalj-st. 

£ Aluminum chloride as catalyst in the atisence of a solvent, 
^ Chloroform-ether as solvent. 

♦* Acetic add as solvent. 
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TABLE m 

PKonrcrs raoii “AB;?OEit4i” Hoesch REicnoN REOBrcrs 


Yield Refe-- 
% eax 



I Aor*Jc tezd tjt tciTezi. 


S Ex«ss 
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TABLE IV 

pTBRYL Ketones • 


IleactaDU 

ProdueU 

Yield 

% 

Refer- 

/Vt#!* 

aciiKiN 

2-Ch)or«Met) Ipjrtrol* 

M 

4S 

*S 


S.a.IKmethyM-Mrtilpy**®!* 


aciiiOf 


m 


Ei4,^-Tri«rtAitpvm)fe 

aciiiCN 


ST 

47 

S,4'Diii»erkvj>S-<apb«JloTVPvreQfe 

2 t-DiEnethil-S-Mibetboiy-S^eelylpyTrole 

- 

47, SO 

SO 


2 «-DiiTi«lhyl-S-e»'l>r'l*®*y-S4>«ini>jlpyrrole 

75 : 


CNCOjCiHi 

Ethyl 2.»Jiin»th,l-3-eirbetbo*ypytiyl-S- 


CNCN 

glyai>tal« 

- 


CNCn,CK 

ae^ thllnla , , 

70 

IT 

CNCOtCiUt ' 

Elbjl 

84 

47 

acniCM 

CMCOiCiUt 

2 $.Diin*lbyl-»^rbHb«iy-4-eM<w®»'»‘>'f’>^"'*‘' 

Ethyl 2>dim«byl.»<«b»<b»iypyTOl-*- 

75 

ST 

47 

47 

glyotyUt* 




2.Malbyl-S-ehlo»«a«tybD(Jola 

Etbvl 2-inelbyUiHkla^^amiocaeO'iM* 



acjiiCN 


4S 


2-bfelb>l-a*pbe«y>»<*‘>’''*4«** 

70 


CtQtCK 

a.M.rhelJ*e»ao>hl*dcl* 



• AU lt>e pyrtyl kctoiwa w«t» prepared entboul uuM • 


TABLE V 

Imino Thio Esters 


Bcactants 


Resoreinol ; 

CHjSCN ' 
CjIIiSCN 
n-CaHjSCN 
CeHsSCN 
Orcinol 
CsHiSCN 

PhloToglticiruH 

CIIaSCN 


ButyUtui>-(3-reaorcylatcinu<lol>J^ 

Phil ihi».J-n:»rcyl.l. i™l. hy*~U"" 

M.lhyl 2,i<hl.ydP«y-»™“0'“'*'“““ 

hydrochlorido 

Methyl 2.4,6-trihydroxythiobeMOate umde hydrocU 
P^n*yl 2 , 4 . 6 .trihydjt)Tythk*en*oal 


ite inude hydrochlo- 


SSS 
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INTRODUCTION 

The Darzens glycidic ester condensation involves the condensation of 
an aldehyde or ketone vdth an a-halo ester to produce an a, /3-epoxy ester 
(glycidic ester) . The most frequently used condensing agents are sodium 
ethoxide and sodium amide. 

CiH.OXa 

R'COR" - 1 - R'"CHXCOjC2H5 

R' R"' 

\ I 

C CCO^CoHs -h XaX + C2H5OH 

/ \ / (XH3) 

R" O 


The glycidic esters are of interest primarily because they can be con- 
verted into aldehydes and ketones having a higher carbon content than 
the ori^nal aldeh}'des or ketones. This transformation occurs after 
h 3 'drolysis to and decarboxj'lation of the epoxj' acids and is accompanied 
by rearrangement when an aldehyde is formed. 


R' 


\ 




R'" 

I 

-C— COjII 


R' 


\ 


(-CO.J 


CHCOR" 


R" 


R' 

\ 

or R"- — CCHO 

/ 

R'" 


The first synthesis of a glj-cidic ester was performed by Erlenme}'er,‘ 
who obtained cthj-l /S-phenjd-a./S-epoxj'propionate by condensing 
benzaldehyde with ethyl chloroacetate by means of sodium It remained 
for Darzens, however, to dex-elop and generalize this reaction.^” He 


^Erlcnmcyer, Jr., Ann.^ 271, IGl (1892). 

* Darren?, Compi. rcnd.^ 139, 1214 (1904). 

^ Darrens, Compi. rend., 141, 7CG (1905). 

* Darren?, Compi. Tend.. 142, 214 (1900). 

‘ Darrens and Lcfebnrc, Compi. rend.. 142, 714 (1906). 

* Darzens, Compi. rend., 144, 1123 (1907). 

^ Darzens, Comp, rend., 145, 13-12 (190D- 

* Darzens, Comp. rerA., 150, 1243 (1910). 

’ Darrens and Rost, Comp, rend., 151, 7oS (1910). 

” Darrens, CompA. Tend., 152, 443 (1911). 

“ Darrens and Sejoumf-, Compjl. rerA., 152, 1105 (1911). 
“ Darren? and Leronx. CompA. rend., 154, IS12 (1912). 
Darren.*, Comp. rerA., 195, SS-1 (1932). 
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preferred sodium etboxido as the coadensing agent. Shortb’ after the 
appearance of Darzens’ first paper, Claisen » reported that sodium 
amide could be used as the condajsmg agent. The glycidic ester con- 
densation has not been applied as widely as one would e.xpect in tow 

of the number and TOriety of compounds that can be prepa ^ 

Darzens has described another procedure wHch involves tne 
reaction of aldehydes and ketones with ethyl dichloioacetote ^d dilute 
magnesium amalgam. The first product of this reaction is a 3 rosy 
«*chloro ester which is quantitatively converted to a g jci c es ^ 
treatment with sodium cthoxide. Alternatively, t e j roxy 
esters may be dehydrated to yield o^^hloro unsaturoted esters. 


R'COR" + CHCUCOiCsHt - 


> CCHClCOjCjH* 

OMeCI 

R' 1°*" 

^CCHClCO.CiHi 

/I 

R" OH 


/ 1 


CHCOjCiH* 


The mechanism of glycidic carSjd 

addition of the enolate of the halo ° ^ ^ar nucleophilic dis- 

aldehj'de or ketone,* foUowed by an mtramolccular n 

. • _ .«nt to Ui® farbonyl group of 

• Early Ideas involving addition of the fmnee, 151 6, 1616 (1939), or 

»ldelude or ketone, Fourneou and the base. Butowsii and 

the conversion of the aldehyde or ketone to i Xulundsiteeh. Bo'., *4. • 

Ser, 64. 693 (1931), appear inadequate- ester, but their detailod 

(1931), first suggested the formation of *f**f'* 
mechanism appears unnecessau-Uy complicated. 

** Chusen. Bo-., 88, 693 (1905). 
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placement on carbon. The function of the basic condensing agent is to 
convert the halo ester to its enolate. 


aCH2C02C2H5 -i- C 2 H 50 Iva -> [aCHC02C2H5]-Xa-^ d- C 2 H 5 OH 

(NaKHo) (XHs) 

rR' O 


R'COR" 4- [ClCHC02C2H5rNa^ 




•R"^ ii 

\ 


'CRC02C2H5 


2sa- 


R' O 


CHCO2C2H5 4 - Naa 


E\4dence supporting the formation of the enolate of the chloro ester 
is the fact that about 79% of the theoretical amount of ammonia is 
evolved on treating a suspension of sodium amide in ether vith ethyl 
chloroacetate.^ * It has been shown that the sodium enolates of ketones 
react vrith chloro esters to give glj'cidic esters.^ This result is con- 
sistent with the above mechanism if it is postulated that the enolate of 
the ketone reacts with the chloro ester to convert it to its enolate. 

OXa 

1 

CH30=CH2 4- CICH2CO2C2HS CH3COCH3 4- [ClCHCOsCsHd'-^'a'^ 


SCOPE AKD UaHTATIORS 


Carbonyl Components 


Of the many types of aldehydes and ketones from which the desired 
condensation products have been isolated, onlj- formaldehyde,'' mono- 
substituted acetaldehydes,^ and a few terpene ketones, such as carvone 
an p^egone, gi\ e generally poor 5^elds. Aromatic aldehydes contsin- 
meth3denedioxy, and chloro groups give fair to good 
ynelds. .^though no study of the effect of steric hindrance has been 
^ i^'^^^ethylbenzaldehj’de is reported to give the expected 
pr^uct, but in unstated \-ield. Aliphatic ketones, including methyl 
ketones, ar,^-unsaturated ketones, and cyclic ketones, react smoothly. 


thi* ° ester may form an enolate is supported bv tbe obserradon 

bearj-Iddoromaionic eker by treatment 

f M^gcrlem at the Ohio State Universitr. 

^ ikUvOTTsia and BajcR-, Bcr., G4, C93 (1931). 

Chuit and Bolie. BuJZ. *o*. chin. Fmncr, [4] 3S. 200 (1924), 
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The successful use of a Mannich base, 2-dimethyL'immocyclohexanoEe, 
has been reported," but the analogous 4-dimcthylammo-^butanone 
failed to give the expected ester" Aromatic and aromatic-abphatic 
ketones give verj' satisfactory yields. The presence of a nuclear c 
atom appears to improve the j-ield somewhat.'* Althoug 
representative group of aldehydes and ketones lias been investigatea, 
si-stematic study of the effect of the structure of the carbonyl componen 
on the jneld of glycidic ester has been reported. 

Halogenated Esters 

As a rule, cbloro esters are preferable to broroo or iodo esters alt g 

bromo esters have been used successfully. "Tth eye o ’ v 

been shomi that the p-tolucnesulfonate of ethyl glyco * ® 
diluted for tho chloro ester." With ethyl 

phenono jields the glycidic ester, whereas mtb c > ..lo-ooionate, 

yield, an alkylation product, ethyl 

irith ethyl bromoacetatc a mixture of the two produc s 

r (CHiltCII 0^ 

acniCo^TjOi ^CHCOiCjHi 


C«H*COCE(CH,), 


BfCU«COiC»n> of A and B 

!(ni«co-c.n. c^|i^cOC(CHj)»CHjCO:C*H8 


Verj- littjg jg of the condensation of o-cUoro- 

acetates, halo propionates, and halo butjjate . etnj 
being the only example erf a higher ester e . or 3'ield 
The effect of the alkyl group of the bal® ° ^ide is the con- 
^s not been investigated to any extent. If ^ ester because 

ensing agent, the ethyl ester is prcrfcrablc to (j,yi ester." In 

of 'Qcreased formation of chloroacetamidc with _ and cyelo 

®^riments im-ol'vi„s acetone, l«»aaIdd>ytle,JcW^^ gace 
“^^one the (oUoaios alkyl chloroacelatK aad clJ P P 
“dc comparable to tboso obtained crith nicll.jl anP 

“JtcWon.J.Orf.CW.ia. 379(1947). (i917). .u.ranit- 

•nS"" il3 tiWb 

JB 4, ' ““1 Ramart-Lucas. Comj* rend., 159. ** ' 

'*“• (1935)1 
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propyl and isopropyl, allyl, cj’-clohexjd, n-amyl, benzyl, and 2-ethylhexyl; 
•with /3-niethallyl and tetrahydrofurfuryl esters the yields -were lower. 
There is some evidence that better yields of condensation products may 
be obtained with halo amides. An 80% yield of glycide amide is oh- 
tained from acetone and the diethylamide of chloroacetic acid whereas 
■with ethyl chloroacetate much lower yields result. However, it 
has not been shovm that the glj'cidic amides can be hydrolyzed and 
decarboxylated to give aldehydes or ketones in improved yields. 

More complex halo esters, such as ethyl / 9 -hydroxy-o:-chloropropion- 
ate,^“ ethyl a,/3-dichloropropionate,“ and ethyl a:-bromo-/S,/3-diethoxy- 
propionate,^® have failed to undergo the glycidic ester condensation. 


Other Halogenated Compounds 

Certain other halogenated compounds have been used in place of 
halo esters. a-Halo ketones have been condensed •with a variety of 
aldehydes to jdeld a,/3-epoxyketones.”‘®' 

0 

RCHO + CICH 2 COR' RCH^CHCOR' 

These epoxyketones may condense with a second molecule of halo 
ketone to yield o:,d,7,5-diepoxj’-ketones.“° 


0 

RCH CHCOR' + jClCHzCOR' - 


O 0 

RCH— ^ CHCOR' 


R' 


when l,4-dibromo-l,4r-dibenzoylbutane is treated ■with sodium 
3jmnide,=^ diethylamine,^ sodium acetate,^ or the sodimn derivative 

“ von Schickh, Ber., 69, 971 (1936). 

^ YamaU and Wallis, J. Org. Chem., 4, 284 (1939). 

“ Oroshnik and Spoerri, J. Am. Chem. Soc., 67, 721 (1945). 

^ Widman, (a) Ann., 400, 86 (1913); (6) Ber., 49, 477 (19l'6). 

^Bodlorss. (a) Ber., 49, 2795 (1916); (6) Ber., 51, 192 (1918); (c) Ber 62 142 (1919)- 
» Jorlander, (a) Ber., 49, 2782 (1916); (6) Ber., 50, 406, 1457 (1917). 

Freudenberg and Stoll, Ann., 440, 41 (1924). 

« Murakami and Irie, Proc. Imp. Acad. {Tokyo), 10, 568 (1934) ICA.., 29 1818 (1935)1 
= Kao and Fuson, J. Am. Chem. Soc., 54, 313 (1932). 
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of malonic ester « a cyclic epo'grtetone is produced; mth molecular 
silver the debrominated analc^ is obtained.** 


CH,CHBrCOC«H, 

CHiCHBrCOCiH. 



/I 

CH 

CH, CCfTJt 
tfwr CH t CJlCOCtHt 


)itol««ubr 


A number ot Eubslituled balldes ot the ^ J^eep^and 

IWS has been condensed with aldeM^^dlJ g 

re&'rr^SeS^^ 

occasionally separated. 


RCHjCl + R'CHO 


KOI'". rcU-^HR' 


ECHCI, + R'CHO 

a 

The aldehydes used include ^^'‘^^^Jj.^laTdch'^ercinnamalde- 
dehyde, p-mcthavj-benzaldehyde, dip ^ and 2,7-dibromo- 

Me, and furfurali the "j^-l chloride, S-chloroduorene, 

fluorenone. As halides, o- and p-mtiobciuj 
and O'bromolO-anthrone were used. 

“ Kao, J. Am. Chem. Soe., 63, 3S6 jgog. Barrow. Inaugural dia«rU 

“ (a) Hataig. Inaugural dissertation. Straebourg. 1911. 

*»n. Strasbourg. 1909. (c) Chnesomsii, loaugum* 

“Kleucker.BrT..68,l634 (1923>. 
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Side Reactions 

Few investigators have studied the non-glycidic-cster portion of the 
reaction products. Some unchanged ketone may u.sually be recovered. 
Possible contaminants of the glycidic e.sten': are tlie Isomeric oxygen or 
carbon alkylation prorhicts formc-d by alkylation of the cnolate of the 
ketone by the halo ester. Tlic boiling range.s reported for the glycidic 
esters usually cover 5-10', so that .<mch contamination is entirely pos- 
sible. The condensation product from ^ionone and ethyl chloroacetate 
is considered to l>e a mixture of three isomeric products: glycidic ester; 
a-keto ester; and the enolic form of the latter." Halogen in the con- 
densation products indicates the presence of an a-halogen a.^unsatu- 
rated ester.” High-boiling products, including re.sinous material, are 
frequently noted. Tliese may result from self-conden.=ation of the alde- 
hyde or ketone ^ or of the halo ester; ethyl chloroacetate in ether reacts 
■with sodium to jield an cthoxx' chloro acctoacetate of undetermined 
structure.^ Vacuum distillation of high-boiling glycidic esters should 
be done at as low a temperature as possible in order to guard against 
rearrangement to an a-keto ester.'^”'-^ 


SERECnOK OF EXPERIMENTAL CONDITIONS 

The reactions are carried out under strictly anhydrous conditions 
preferably in an inert atmosphere. Often no solvent is used, care being 
taken to prevent undue temperature rise when the condensing agent is 
added. It seems best to add the condensing agent to a mixtiue of the 
reaction components, of which the halo ester is preferably in some 
excess.^ It has been found ^ advantageous to use 1.6 moles of chloro 
ester and 1.6 moles of alkoxide to 1 mole of ketone. During the first 
stage of the reaction it is well to keep the mixture cold, temperatures as 
low as —SO' being recommended.'^ However, in a few cases no reaction 
occurs at —SO', and a tempierature of 0' appiears to be preferable.’*^ 
After reaction x>eriods ranging from a few hours to a few days, the mix- 
ture is usuafiy heated for an hour on a steam bath. The reaction mixture 
is then treated with dilute acid and the organic nroducts are generally 

“ 1132 =, Lw, SafcU, Wo2le2£, II22D022H. Grossi, a-d Wr-— ,t. J Am. Crjrm. S-x. 
70, last (1045), 

WeHSih Ez:d T>zme2s, 72, 1503 (1039;. 

= Fraig a^d Eri^abacb, Ar.r.., 2S9, 15 (ISK;. 

Troell, Bcr., 61, 249S (1925). 

^Koh]£z, Bl^htmxer, sad Hester, A. Am. Cf.m. S3, 211 (1931). 

= Poiatet, Cemp.. rerA-, 14S, 417 I1909j. 

'^TsrasH sad 'WsIHs, J. Orz. Ctxn., i, 270 <1933;. 
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separated by vacuum distillation. At least one glyddic ester re- 
arranged into an a-keto ester at the hi^ temperature n or vacuum 

distillation but this rearrangement seems not to be general. 

Tlie most frequently used condensing agents are sodium etbrade an 
sodium amide. Of these, sodhnn ethoxide is reagent of m 

the few reactions where both ha^-e been emp!oyed.«^« *^«; '^e^e 

of powdered sodiiua in various solvents seems to e pronu^g. 
sodium ketyl prepared from benzophenone has been used aith 
success in one reaction.” .... . t 

The effect of Eolvent on the J-ielda of glycidic crtcre ha 
extensively investigated. Better yields svete obtamrf m ‘J"” ' 

tion of eyelohe.xanono n-ith ethyl „.ehloroprop.oBatc 
than tvith ether, benzene, or benzene-pctrolcnn. ether.- A vanet. of 
inert solvents has been used, but the cz|»nmeo s o hj-dro- 

clusion concerning the importance of the ,, 

carbons Invve been recommended as solvents m prep .olvents the 

with the aid of metallic sodium; in the presenre ’sS 

sodium chloride formed in the reaction sepamtesm a eoltadal su-pen-.o 
and does not coat the sodium.** 

COIIVERSION OF GLYCIDIC ESTERS INTO ALDEHYDES AMD EE 

Hydrolysis of glycidic esters to and 
glycidic acids usually yield ketone, or aldehydes. R and K m > 

R' 0 R' A 

\ / \ n.O \ ^ 


represent hydrogen or alk>'I orarj'I ™ ^ .j^'j gPQup, methyl 

If U'" is hydrogen an aldcbj-de al«-a5*s position has 

ketones are formed. The effect of othergroups m the 

*■ Linstcad and Mann. J. Chem. ■S” • .. 

Afif. Mt-n.. lU) 6. 170 d^- *3. 2367 (103«J. U. S. P-t. 

“ Knorr. Laage, and 'Weissenbora. Ger. pat. S» . 

1.809,»10 [CJ.. 27. 2962 (1933) J. 
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received little attention: v/hon R.'" is ethyl, an ethyl ketone is obtained; 
v.hen Pv'" is n-dccyl, an aldehyde results.'^ 

The conversion of glycidic esters to acids may lx; efrecled by the tisual 
alimline hydrolysis. A special hydrolysis involves treatment of the 
ester v.-ith one equivalent of sodium etho.vidc in absolute ethanol followed 
bv addition of exactly one equivalent of v.-ater; addition of dry- ether 
then causes the precipitation of the sodium .salt of the glycidic acid. 

For the most part, the glycidic acids are converted into the aldehydes 
or ketones by heating to the decomposition point. Better yields of 
methyl «r.'clohexyl ketone may be obtained from a-methyl-a.S-epoxy- 
cyclohcocylideneacetic acid by two modifications of the above treatment 
(which gives a 41% yieH).-“ In one, the sodium snit of the glycidic acid 
is heated vith soium hydroride at 300° (yield 45-56%); in the other, 
the glycidic acid is treated with dry' hydrogen chloride, and the crude 
chloro hydroxy acid thus obtained is then heated v.ith semicarbaride 
hydrochloride in pyridine (yield 75%). 

The optimum conditions for pyToly.sis of the glycidic acid derived from 
the condensation of ^-ionone and ethyl ehloroacetate involve heating in 
pyridine at 130-135° for one to two hours." RTien this same glycidic 
acid is decarboxylated by heating in the presence or absence of powdered 
glass or by passage in the vapor phase imder reduced pressure over 
freshly reduced copper on pumice at 140-160°, products having sliglitb' 
different properties from those of the product obtained by the pyridine 
method are obtained.’^ .Another group of workers recommends heating 
in the presence of a small amount of copper powder as the best method 
for decarboxylating and rearran^g this same glycidic add and the 
isomeric add obtained from a-ionone and ethyl ehloroacetate,^' while a 
third group of workers reports that no special decarbox^'lation procedure 
is necessary for the glycidic ester from /5-ionone and ethyl ehloroacetate: 
the gly'ddic ester is hydrolyzed with cold methanolic sodium hvdroxide, 
the product is extracted in the usual way with ether, and the aldehyde 
is obtained by vacuum distillation.^^ 

A systematic study of the best conditions for the conversion of glyddic 
esters to aldehy'des or ketones is obviously' to be desired, and such a 
study* would contribute much to the wider synthetic use of glyddic 
esters. 

Cmgsr, ComjZ. 213, iSB (1944); llo-issertm. VTater^Sti. 

T....qtder, and Osn'&ei, Bu!L t'X. Aim. Snme?, 1 S 47 , 50 s. 

' EeuDron, Jotii£o:5, JoTies, and ,r_ Of.e7n. 1942 727. 

c. isier, Hnter, Ecaco, s^d KoSer. Bdr. Ct.im. Acta, 30, 1911 (1947;. 
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REACTIONS OF GLYCIDIC ESTERS 

In addition to their conversion to aldehydes and ketones, discussed 
in the preceding section, the glycidic esters undergo a number ot other 
reactions which should prove to be valuable in synthetic work. In the 
paragraphs which follow, examples of these reactions are Wo 

attempt has been made to list all the examples of any one reaction, but 
it is believed that all the types of reactions are included. 

Rearrangement to a- or p-Keto Esters. It has already been pomted 
out (pp. 420 and 421) that a glycidic ester on hcatmg to a high teinpera- 
ture may rmdergo rearrangement to a keto ester. Et > en 

glycidate is isomerized to ethyl ft/S-dipbenyl-a-ketopropionate on distil- 
lation.**'**'** 


0 

(C«H,),C CHCOzCjHt - 


• (C«n,)sCHCOCOAHi 


Ethyl ^phenylglycidafe, on passage in the vapor state over mfusonal 
arth at 310*, jdelds the ester of phenylmalonaldehydic acid. 


CiHiCH— ^CHCOiCtlU 


/ 


CHO 


COjCtlb 


ReactionswithHydrogenHalides. The addition of hydro^nchl^^^^^^^^ 

in dry ether in the cold to ethyl 

a.ftWrimethylglycidate results in ']'®J”^^i‘”°J,^^h!orousan 

esters.* This reaction complcincnls the ad isomeric 

the corresponding substituted acrjlalcs 
oschloro ^hydrox>’ esters. 


CH,C^^-^CO»C,K» - 


Ct OH 

, cn,c — cco,c,n4 

I i 

CHi 


R = ir, cii» 


Hydrogen bromide iBicts eimilarly/ bH 

acrylate.' This latter reaction coml.Wto 

. r«i*d »cids by «>oa«>«»tK )0 

• A summiry of the methods of prep*™** hv J R. Johnson in O’"*®"** 
methods is in the chapter on the 

tioM. Vol. I. p. 233, John Wiloy * I« (193S> **' 

•Hffeneau and Levy. Anala *oc. «»«"»• • - 

(1930)]. 
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a.^imsaturated esters and might be developed into a procedure 


O 

^HCOiCiHs 

' 1 
CHa 


. 2 hi chjC=chco 2C2H3 + mo d- 1= 

I 

CHj 


for the quantitative determination of glycidic esters. 

Reactions vdth Ammonia and Amines. Depending upon the reaction 
conditions, gls'cidic esters may 3-ield either glycidic amides, hydro-v}' 
amino esters, or hydroxv' amino amides on treatment vrith ammonia or 
The orientation of the hydroxy amino amides appears in doubt. 
If oTriTnnTiin or an aliphatic amine is used it is claimed that a-hydro^' 
^amino amides are obtained, Tvhereas vrith an aromatic amine the 
reverse orientation results.^-' 

0 

iiVa* / „ EXE- 

C£H5CHOHCHCO^'EAr CeHsCH CHCO2C1H5 ^ 




CeHJCHCHOHCO^'HB 


XHR 


It is stated that vrith ethyl ^,6-dimethylglycidate and anihne or 
methvlanHine an a-anilino-^hydroxy ester is produced, “ vrhereas m a 
patent the reverse orientation is claimed."' 


O 

1 

CH3 


CII3 

i 

C-H^N'HE -- CH5C— CHOHCO:CjH5 
EXCtHs 


E = H, CHj 


It appears that more vork is required before assignment of structure 
of such amino hydrosj' compounds can safely be made by analogj'- 
"With phenylhydiazine, the amide ^ or ethyl ester of ^.iS-dimethyl- 
^ycidic acid jrields l-phenyl-3,.3-dimethy]-i-hydro:cy-.5-pj’TazoIidone. 

O 

/ \ ISO-TSV 

CHiC CHCON'H; -f CrfHiXHS-H 5. HCKrH— CO 

I 10L=s 

CTIj (OGHs) I xc-jli 

S / 

{CHj;::C 

“ fa) Fcarrcea-j and BillV.er. BoS. •oo. Ft<xtjx, [5j 6, IC!0 (1030): <V) [3] SCS 

)IC*40;; (c> and tlSd., Jo] 15, tjCO (ICUo;, 

SoSicldj. Gvz. o?3a43 [C-C, 28, 2CO (IVH)]. 

C‘ Sn-.=aCr., Gar. pat. oSS.Od.S [C_4., 23, 1300 (1^34,1 
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Reduction. The reduction of glixidic esters by heating in alcohols 
with sodium is stiid to yield mixtures of the saturated acid and of the 
corresponding primary’ alcoliol. No details of the experimental pr<> 
ceduie or yields arc reported .« By a similar reduction, ft^phenyl- 


RCIb-^IICOiC,IU ' 


RCIIiCIIiCOOII + RCHjCIIsCHjOH 
B - ■-C»ni— ind CtHj— 


cn,CH,c 


— CIICOiC,lI» 


^ ClljCIIjCIICIIiCIIjOII 

I 

CII* 


gtycidic ester is reported to yield PjJ^iphenyl-o-hydro'cj’propionic acid. 
However, in view of the previously mentioned ® 

glycidic ester to form a keto ester on x-acuum s i a lo , 
possible that the rerluction was carried out on the rearra g 
Grifnard Reaction. The product resulting f ction 

magnSum iodide on ethyl , 3 ,^^iphenylglycidate - oUow«l bj hydro 
ysis is claimed to be ^, 0 ^iph^nyl-«-hydroxybutync 
tho proof of structure consisted m establidiing ® ^ . .jjjgthyl- 
reaction product (m-p. 107*) "’‘Ih a s^diohenyl-o- 

prcipionic acid (m.p. 101*). The -nds^l^er product 

hydraxy-«-methylpropjonicacid, was not ruled . . 

would bo formed if the glycidic ester rearranged to the «-keto ester. 

0 

j/ Hydrolysis 

(C,H,),C CHCO.C.1I. + CIIjMsI > 

(C,ir.),CCHOHCO!H (m p. 16V ) 

cn. 

(C.n.).COHCHCO,n (n..p. 101") 
CHi 

Hrapalion. Hydration of the e>. form of of 

aeid yields dl-tartaric acid, rrhaea, the i™as tom yields ma 
about 40% di-tartaric and 60% meso-tarlano acia. 

“ Verier. BuIL eoc, thim. 
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/ 


CHCOjH 


O 


\ 


di-Tartaric acid < 0 


/ 


CHCOjH 


CHCO-H 


^60% ^CHCOsH 


77!eso-Tartaric acid 


Reaction -with Active Methylene Groups. Although details and proof 
of structure are not given, it is stated that p,^-dimethylglycidic ester and 
i5-phen3'lglycidic ester react rvith sodioacetoacetic ester and sodiomalonic 
ester, resp^tively, to jueld substituted *,-butjTolactones.“ 

Q CO;C;Hs 

+ CHaCOCHXaCO.CjHs (CHslC-CHCSCOCHs 

6 O) 


O 

CtHsCH-^^^COiCjHs -r CHXa(COiCiHi): 


COiCjHs 

CeHsCHOTCHCOjCjSs 




THE DICHLOROACETATE SYNTHESIS 


Barrens has discovered a series of reactions starting rvith ethj'l di- 
chloroacetate which promises to be of wide applicability. The dichloro 
ester condenses rrith aldehj’des and ketones in the presence of dilute 
magnesium amalgam to give excellent yields of a-ehloro /S-hydro:? 
esters which can be converted to glycidic esters or to a-chloroacry^hc 
esters.^^^'-^ 

R 


RCOR -b CHCUCOiCjHs RCCHCICO-C-Hs 

Jiiber j 

OH 
R 


K&OCjHj 



RC- 


R 

i 

RC=CCIC0;C;H5 

I KlOH 

Rv 

'^HCOCOill 




-CHCO:C;Hs 




1. Bydnlyyl^ 

I Z r>«arbox>-iit:c3 


HCHO 4- CO; 


»Cn-U.itvr ar-.d 05<;lrov3. J. Gfi. CArrj. 7. aiTS (UOT) 32, 

(193?)]. 



THE DARZENS GLYCIDIC ESTER CONDENSATION 427 

The of-chloro ^hydroxy esters are formed in almost theoretical yields 
from ketones. Aliphatic aldehj-des, Tihich mth a-chloro esters give 
poor yields of glycidic esters, giTC jdelds of 40% to 68% of a-chloro 
^hydroxj’ esters. Ethjd dibromoacetate may replace the dichloro ester, 
calcium and zinc amalgams the magnesium amalgam, and benzene may 
replace ether as solvent.*' 

The halohydrin esters are quantitatively converted into glycidic 
esters by treatment nith one equi^mlent of sodium ethoxide. .^tema- 
tively, they may bo dehjxlrated to a-chloroaciylates in high jneld by 
phosphorus pentoxdde. 

The overaU conversion of the halohj'drm esters to disubstituted 
acetaldehydes may be effected by two paths as indicated by the above 
chart. The path involving hj-drolysis of the chloroaciylate and 
carboxj'Iation of the rcsiiltmg <»-keto acid is recommended by Darzens. 
The dichloro ester synthesis merits more study and wider use. 


EXPERIMENTAL PROCEDURES 

Msthyl «.MetIiyl.<i,p.epoi7CyetolieijBdeMacelate. (Dse of soiiim 

methoiide.) >• A solulion of 49 e. (0-5 mole) of cycloheximone mil 98 g. 
(0.5 mole) of methyl <«hloroptoplonate in 200 ml, of n^ydroun ether 
is pheed in n flask n hich has been pterdously dnrf by heatmg mth a 
flame tvUle being ea-ept out iritb dry nitrogen. The entire ” 

carried out in an atmosphere of dry nitrogen. Thercac 

to 5*, and 45.5 g. (0.8 mole) of commereial 'S’ 

pure, The Mntheson Company) is added over a penrf of one hon 
ing which time the reaction mixture is cooled m y_,rm slowlv 

^•igorously stirred. The reaction mixture is permit o 
to room temperature and is stirred for twenty oum, a 
mixture is hydrolyzed by the addiUon of a cold ° 

concentrated hj-drochlorlc acid in 200 ml. of water. e e 
U separated and washed successively with ta;o lOO-i^^ Pf ^ wIT IS 
100 ml. of saturated sodium Wc.arbonate sdution, ^ • throuch 

100 ml. of saturated sodium chloride ®°*“*’^* , -s tr 185%) of 

anhydrous sodium sulfate and distillaUon of the ^.^c- 

methyl «-methyl-«,^poxj'C'dohexyUdeneacetate is obtamed by ^-a 

num distillation, b.p. 116-llS”/8-® bromo 

Ethyl a-Methyl-pVtolytely«i**te. (Use 
ester, and an aromatic aldehyde.) " to]ualdehj-de, cooled 

ethyl o-bromopropionate and 60 g. G>-5 mde) p- gthoxide 

5n an ice^lt bath. 34 g. (0.5 mole) of freshly prepared sodium 

" Ruiicfca and Ehmann, Hth. CM"*. Ada. 15, 1® 
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up in the usunl fasliion. Vacuum distillation gives CS g. (92%) of 
product, b.p. 106-1C7V5 nara. 

EXAMPLES OF THE DARZENS CLYCIDIC ESTER CONDENSATION 

Tlio literature lias been cotciwI through 1917. The compoundo arc 
listed according to the increa^g carbon content of the empirical 
formula of the glycidic ostcr as in the Chemical Abstracts Formula Index. 

The typical procedure invol\-es slow' addition of the condensing agent 
to a cooled mixture of the carbonyl compound and halo ester nith or 
without a solvent. The condensing agents are: 

A. The sodium alkoxidc corresponding to the nlkyl group of the halo 
ester. 

B. Sodium amide. 

C. Sodium, usually powdered. 
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P-(3*Acenapbthoyl)propionic add, 262 
Acctimino-a-napbthyl ether hydrochlo- 


ride, 400 

Acetoacetic ester condensation, VoL I 
Acetylenedicarboxylic acid, 48 
Acetylenemagnesium bromide, alkyls^ 
tion, 32-33 
preparation, 31-32 
Acetylenes, 1-78, 340 
adihtion of alcohols, 18 
detection and determination, 4&-17 
diaryl, synthesis of, 40-13 
disubstitutcd, synthesis of, 31, 33-10 
o'ddation with selenium dioxide, 340 
purification, 45-^7, 32 
rearrangement to allencs, 13-14 
shift of triple linkage, 3, 13-17 
synthesis, by alkylation of metalho 
acetylldcs, 23^3 
by dchjdrohalogonation, 3-25 
by other method, 43—14 
experimental procedures, 4S-52 
tables, 7, 8, 11, 15, 23, 20, 37, 40, 40, 
52-72 

Acetylenic acids, 19-20 
Acetylldcs, alkylation, 25-40 
preparation, 26-27, 31-32 
Adds, preparation by selenium dioxide 
omdatlon, 337-333 
Aeyloins, Vof. IV 

Aldehydes, aromatic, synthesis by Gal" 
termann-Koeh reaction, 290"300 
Alkylation of aromatic compounds by 
Priedel-Crafts reaction, V<i. H' 
^-(AlkjlbenaoyDpropionic acids, 263 
1-Alkynes, synthesis of, 3-33 
AUenos, formation from acetylenes, 13 
rearrangement to acctjlencs, 14 
Amides of thio acids from Ilocseh syn- 
thesU, 393-399 

Aaunation of heterocyclic bases by alkali 
amides, I'ol. I 


AmBM, ■>5' 

301-330 , , , , 

Aoino «.*, melh,l.Uon by Leu.Urt 
reaction, 30S 

5-Amino-2,4-djpbenylpyTrole, 311-312 

^Aminododecylbenrene, 322 
A.30V »!»«»»« l.trrfo=i™ by 
Dicis-Alder reaction, 135-mA 

143, 145-146, 149. 152-156 

^.(p-Anisidmo)propiomtnlc, 
Arndt-Eistert reaction, IV 7 
^Awylacrxhc acids, 

Fnedcl-Crafts reaction, 230-231, 
249-252, 254, 2S5-2S7 
synthesis from corresponding pro- 
pionic acids, 254 , „ . j , 

Crafts rcacUon, 230-249, 
.yntbbM by ""“'tS by 

/J..\roylpropioaie acids, aj .^2^^ 

Friedel-Cmfts ‘f''- 

s\-othcsis by other methods, 232 2Si 

AiSnic and arsonie acids, preparation by 

C. teb,,«p, 

reactions, Vcf. 77 

.rid. 

thesis, 394 . ^ 

thesis, 3S9 sx-n- 

to-b.A.piomlnl» !»« 

thesis, 3S9 
Ailaetones, IV. 7/7 

BcQioquinoncs. preparation ny 

ticm, IV. 71 j5,,,L4..Udcr re- 

p-Bcnzoqumoncs, 

^ action, 140-HS 

^BenioxUcrjUc and. -U 
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/J-Benzoylacrylio acid, addition of aro- 
matic hydrocarbons, 251 
3-Benzoylpropionic acid, 262 
(.j-Benzoylvaleric acid, 263 
Benz3dtrimethylainmoniuin h3-droside, 
81 

Biar3'ls, Fol. II 

4,4'-Biphen3’l-hi-s-diazomnm fiuoborate, 
202, 206 

p-Bromobenzenediazonium fiuoborate, 
203 

p-Bromofluorobenzene, 211 
p-Bromophenylacetylene, 60 
l-(4rBromophen3-l)-l, l-dichloroe thane, 

60 

l-(4r-Bromophen3’l)-l-chloroeth3-lene, 60 
Bucherer reaction, Vol. I 
(3-7^■Butox3■p^opionitrile, 110 
Icri-Butyl 2^'anoethyl formal, 110 

Cannizzaro reaction, Vol. II 
p-Carbethoxybenzenediazonium fiuobo- 
rate, 202 

Carbon monoxide, 299 
Carriers in Gattermann-Koch reaction, 
295 

Catah'sts, for Q-auoeth3-lation, 81, 86 
for Gattermann-Koch reaction, 293- 
295 

for reaction of all3'l halides with acet- 
5'lemc Grignard reagents, 34 
2-Chloroacet3-lp3iTole, 401 
cr-Chloroacr3-lic esters, 426-427 
^-(p-Chlorobenzo3'l)propionic acid, 263 
c[-(o-ChIorobeiiZ3’l)eth5-lamine, 323 
6-Chloro-l,4r-diketo-l,4,4a,5,S,8a-hexa- 
b3-dronaphthalene, 160 
10a-Chloro-2,3-dimeth3’l-9,10-<liketo-l,4,- 
4a,9, 10,10<i-hexah3'dro-9, 10-phe- 
nanthraquinone, 160 
ct-Chloro fi-h3-drox3- esters, 415, 426-428, 
439 

Chloromethr-lation of aromatic com- 
pounds, Vol. I 
Chloroolefins, 20-22 
a-(p-Chlorophen3-l)ethyIamme, 321 
cis-A®'®-3,4-ChoIestenediol, 347 
Citraconic anhydride, 261 
Claisen rearrangement, Vol. II 
Clenunensen reduction, Vol. Ill 


Coumarins, formation in Hoesch syn- 
thesis, 389, 397 

Coumarones, formation in Hoesch syn- 
thesis, 395 

Crotononitrile, use in c3nnoalkyIation, 
108 

l,l,l-trts(2-C3-anoeth3’l)acetone, 111 

C3'anoethylation, 79-135 

application to higher homologs of 
acrylonitrile, 108-109 
cataly'sts for, 81, 86 
experimental conditions, 109 
experimental procedures, 109-113 
of alcohols, 89-93 
of aldeh3'des, 103-104 
of aliphatic nitro compounds, 99 
of amides, 87-88 
of amines, 82-88 
of ammonia, 82-83 
of arsines, 97 

of arylacetonitriies, 105-106 
of cellulose, 92 
of cellulose xanthate, 92 
of C3'anoh3-drins, 92 
of cyclic dienes, 107-108 
of derivatives of malonio and c3’ano- 
acetic acids, 105 

of dialk3ddithiocarbamic acids, 96-97 

of formaldeh3-de, 93 

of haloforms, 98 

of heterom'clic bases, 85-87 

of h3-draziDe h^-drate, 85 

of h3-drogen cyanide, 97-98 

of h3-drogen sulfide, 95-96 

of h3-drox3-lamine, 85 

of imides, 88 

of inorganic acids, 97-98 

of ketones, 99-103 

of lactams, 88 

of mercaptans, 96-97 

of oximes, 95 

of phenols, 93-95 

of sulfonamides, 88-89 

of Eulfones, 98 

of thiophenols, 96 

of eE,P-unsaturated nitriles, 106-107 

of viscose, 92 

of water, 89 

rearrangements during, 102-104, 106- 
107 
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CyaaoeUij-latiott, ttvtrsibility, S3*S4, I Diaionium flaoborates, replacement by 
^ I other gfoups, 195-106 


scope and limitatjona, 82-105 
tables, 113-133 

9-C#<^'anoethyI)carbaaole, IW 
^^-Cyanciclhyl ether, 110 
Wf(2-Cj-anocfhylJcth>lAiTune, 109 


tables, 315-227 

‘j’.'r-Dicarbethoxypimelonitrile, 113 
«*Dicftrbonyl compounds, preparation by 
selenium dioxide oxidation, 334 
jfcm-DicMoro compounds, 20-23 


2-(3-C3:anoethjl)-2<thylbu{yTal<lehjxte, I Diels-AWer reaction, with eycjenoncs, 
113 136-192 


^i»-9,9-f2-ClyaDocthyl)l]norrne. 112 
l'^2^'*tincthyl)-2'hvdroxjtisphthalene, 

110 

**-2-Ci anocthyl sulfide. 111 
Cj-anogen, use in lloi-sch synthcsL\ 303- 
3M 

vQ'ano-r-phenylpimclonilrile, 113 
Cj-eJenonos, use in Diola-Alder reaction, 
153-156 

^ al40 p-J]<'moquhiCin(-t; J,4-Xa/)h- 
thoriuinonea, an<l e^Quinones 
Cyclic ketone^ preiwration by intra- 
molecular acylation, Vd. // 
3-Cyelohexj-lpropyno, 48 

Darrens glycidlc ester eon>,U’n«atlcm, 4 13- 
4(0 i 

ewbonyi eomponents, 416 
diehloroaei'tafo sytuhoiil^ 420H27 

esperimeijUl condilifvis, 420-»3I 4 

experimental proeeilures. 427-42t) I 1 

halos5enaleiloatercompijncnt»,4l7-l1S I 

side reactions, 420 j ^ 

synthosis of j»,6-ei)oxykclor»es. 415-410 
tables, 43(M30 . ‘ 

Dohydrogenation with ft'h’nium iliftxhI'V ^ 
340-312 *•, 

DehydrohaloflCiialion, 3-25 '*• 

preparat ion of lialogi'n eompoumt* for, 

20-23 

side reactions, 13-20 • 

Diacctylcne, 13 ^ 

Diasonium iluoborafes, 1^*"*' i. 


appbeation top-benzoquinoncs, 140- 
. 148 

application to cyclenoncs other than 
tiuinones, 153-156 
application to 1,4-naphthoqmnones, 
150-153 

application to o-quinones, 148-150 
experimental conditioBS, I57-J59 
experimental procedares, 160-161 
introduction of aa^rular substituents, 
J3S-J39, 143, 145-146, 149, 162- 
156 

tabhxs 161-101 

with ethjlenic and acetylenic dieno- 
l^hllKs, ViV, fr 

with niali j.' antx\tlride, VeL IV 
INenn s.\ nllitwls «<•> l>!el*'.VIder reaction 
nith ryt'lio diennt muI aeiylcuutrile, 
107 

4.4'«r>ithw«r\>l\J)\K'rv>l, 818 

I lhhydt\v.N>nuuriu\ h\r\v«>ltv«v in Iloesch 

p-(3,4•D>^^^(^\\.\\ i>hwv\ l'wv>pionio acid, 

m 

Ptleti«u\\ in svniheses of 

r»tiv acUK 317-219 
?,S4>iin«'thy1«,|hr«niil(i<«)<\ 160 
P.7-D«nwth,\ Vs, l-K'>\i«‘-('.UVphenan- 
thcavpibuxne, 181 
N,N’*rKHU'tlvvtt»-ui> Umh«\ 359 

HV»-bi'\»>jj,Jf,i«nllin*ivne, 160 
N.N■^llintt'^h.\l^l^^lr^Umll\e. 310 


decompaxicion to aromauo s 
200-213 

apparatio, 209-210 Af.efs 
exporimcntal procedures, • 

lnclho<ls, 210-211 

side reactions, 205-209 


sjximalio n«ioriiU'a, I 3,3-14inv'tityi>t\ttVpbei)aii(hrac|iilnoiie, 


4R-tK«w(h.vlviu{aolfue4)H«Mclo-''e, StT 
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€rJl-11|>oxy esl-rs. if* Olj el.lle ester* 
€i,p-I^»Wy krtonivx. iw|>ar«(ion, 418-419 
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Eschweiler-ClaTke procedure, 303, 307, 

323 • f 

Ester acid cUorides, in synthesis of 
oj-aroi-l fatty acids, 253 

e-Ethvlaniinopropionitrile, 109 

Ethyl" a-chloro-P-hydroxj-^phen5-lbutj- 

TstCj ^28 

Ethvl p-p-^Horophenylglj-cidatc 428 

Ethjd cr-inethyl-^phemdgly<a^te, ^8 

Ethyl a-methyl-^p-tolylglycidate, 427 

Flavones, preparation from cMcones 
■with selenium dioxide, oil 
Eluohoric add, 202 

Fluorine compounds, aliphatic, prepara- 
tion, Fof. II ^ 

aromatic, preparation, 193-!^ 

by decomposition of diazonium 
fluoborates, 194-213 
by other methods, 213-213 
See also Schiemann reaction 
p-Fluoroanisole, 211 
^Eluoronaphthalene, 212 
m-Fluoronitrobenzene, 212 
S-FluoropjTidme, 213 
m-Fluorotoluene, 211 

l-Formyl-5-amino-2,-l-diphenylpyrrole, 

311-312 . 

Priodel and Crafts reaction with aliphatic 
dibasic add anhydrides, 229-289 
apparatus, 259 

elimination of iert-butjd group, 231 
elimination of carbon monoride from 
tetrasubstituted anhydrides, 216- 
218 

experimental conditions, 251r-259 
experimental procedures, 261-261 
glutaric and substituted glutaric anhy- 
drides, 217—248 
isolation of products, 260-261 
maleic and substituted maleic anhy- 
drides, 219-252 
mechanism, 232—233 
orientation of entering group, 238-242 
other EiTithetic methods, 252-251 
polymeric anhydrides, 248-219 
Eucdnic and substituted succinic an- 
hvdrides, 231—217 

tvpes of compounds condensed with 
succinic anhydride, 231-237 
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Eriedel and Crafts reaction with aliplmtic 
dibasic acid anhydrides, ^tables, 

245, 233, 256-257, 264r-287 
Elies reaction, Vol. I 
Furvlacetylene, 4 . , tv 

Fus^-ring ketones, sjmthe^ by Diet. 
Alder reaction, 13/— 156 
synthesis by other methods, 157 


Gattermann-Koch reaction, 290-300 
apparatus, 296-297 
carriers, 295 

catalysts, 293—295 __ 

experimental conditions, 29^29/ 
experimental procedures, 297-299 
scope and hmitations, 291—293 
tables, 294, 300 
Gl 3 'cidie esters, 413-440 

conversion to aldehydes and ketones, 
421-422, 428 

preparation, 416—418, 420—421, ^ 

429 

reactions, 425-426 
tables, 422-439 

Glyoxalines, formation in Leuckart re- 
action, 312—313 


Halo-aHyl halides, reaction with Gri- 
gnard reagent, 22—25 
rearrangement, 24 

a-Halo esters, use in Daizens condensa- 
tion, 414-4J.8 

ct-Halo ketones, use in Darzens condensa- 
tion, 418-419 

Havrorth reaction, 231-232 
1-Hexyne, 48 
purification, 62 
Hoesdi synthesis, 3S7-442 

abnormal reactions, 3SS-389, 391, 396" 
397 

experimental conditions, 399-400 
experimental procedures, 400-402 
intramolecular, 395 
mechanism, 390—391 
scope and limitations, 392—396 
tables, 403-411 

with isothiocyanates, 39S— 399 
with pyrroles, 3S9, 397—398 
■with tlnocj'anates, 3S9, 398 
Hofmann reaction, Yol, III 
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IlydratropfJdeliydc, 423 
Hydrogen chloride, 299 
4-IIydroTy-l-&ectonaphlhonc, 400 

Imino clher hydrochlorides, format ion lo 
Ilooseh synthesi®, 302 
p-lsopropylbenzaldchyde, 298 

Jacobsen reaction, Vol. I 

Ketones and keteno dimera, preparation, 

Vol III 

Lcuckart reaction, 301-330 
abnormal reactions, 311-315 
experimental conditions, 316-318 
experimental procedures, 319-323 
formamide-formic acid reagent, 320 
mcelianlsm, 303-300 
side reactions, 315-310 
table^ 323-330 
with aldehydes, 307-310 
with ketones, 310-311 
with an oxindolo, 315 
with a pyraiolone, 315 
with quisoncs, 314-315 

Maleic anhydride, addition of resorcinol 
dimethyl ether, 259-251 
use in lynthoais of ^-aroylaerylie acids, 
219-232 

Mannich reaction, Vol. I 
Meerwein, Ponndorf, Verley reduction. 
Vof. II 

p-Melhoxybenzenediaiotiium fhioboratc, 

205 

7-(p-Methoxybcnioyl)batyric arid.^ 2C5 
P'(p-Mcthoxybenioyl)propio'dc new, 
262 

tt-Methylacrylonitrile, use in cyaiwalkjl- 

alion, 103 

Methyl-/«rt-butylcnrbinnndDO, 321 

Methyl o,a-di(2-cyanoethyl)acetoaco- 

Ute, 111 

Methyl o-methyl-a,P-cposycyc1oliexyb- 

deneacctate, 427 

Methyl thio-0-resorcylate monohydrate, 

402 

P-Naphthalenediaionium fluoborate, 303 


1,4-Kaplithoquinoncs, use in Dicls-Aldcr 

reaction, 150-153 
<r.(^Naphthyl)ethylaminc, 320 
Kinhydtin, 348 

m-Nitrobenrenediazonium fluoborate, 

203 

p-Nitfobenrenediazomum fluoborate, 
202 . . 
T-Nitrobutyrophenones, abnormal be- 
havior in Lcuckart reaction. 311- 

312 


■on Pcehmann reaction, 396 

’ertodic acid oxidation, Vol II 

»crLm maction and related reactions, 

Kp-Pli~x>benzoyl)propionic acid, 262 
'henylacctylene. 48 
>.rhenylbenzaldeh>-de. 298 
K3.pbcnyl4,5^cyMo)smyl phenyl 

sulfone, 111 

>benylglyoxal, 345 

IJ-PheStoSS. behavior in Ixuckart 

reaction, 315 

- . 265 


Is, prepara- 

p'sr 

of acetyleruc linkage, o 

1 for dehjdrohalogenat.on, 3-« 

«gcnt for ue j Lcuckart reac- 
uincs, formation m 

tioa, 312-313 


311-313 . Hoescb 

,l ketones, preparation by 

.y.lb..i., 307-35S 
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QumoB«-, preparation hy selenium diox- 
ide oxidation, 33/ 

.^.Qninones, use in DietAlder reactron, 
14S-150 


Eearrangement, of acetylenes to allene=, 

13-14 

of aUsnes to acetylenes, 13, 1- 
of ^rmm.-diaxyMo^to ^--2 

• ofunCTTam.-diarylhaloethylenfe,^-.- 

of ^ycidic adds, 421-^ 
of glycidic esters, 423 

of iido-allylbali'ies, 24^ 

of propars'l haHdes, 35 
of triple bond in acetylene, 3, 13-A/ 
of a,g-nn=aturated carbonyl com- 
pounds during cyanoetlrclaPon, 

102, 104 

of a,SHinHaturated nitTiIes_auiing cy- 
enoethylation, 105-107 
Reduction ttith aluminum alkoxides, 

Toi. n 

Eeductrre alkylation, Toi. JT 
See dito Leuckart reaction 
Eeformatsky reaction, Vd. I 
Eenlacement, of aromatic primmy ^o 
grontjs by hydrogen, Vd. II 
of rntro ^Jp by chlorine during diaz- 
otization, 19Q 

Eeohition of alcohols, Vd.. II 

Eosenmund redaction, Vd. IV 

g^Einann reaction, 193-228 

decomposition of diazochim Suobo- 
rates, 205-213 
apparatus, 200-210^ 

^rperhnenta! procedures, 211-213 
methods, 210-211 
Hide reactions, 2f^-209 
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1S3-205 

experimental procedures, 312-200 
tabli, 215-227 
Schmidt reaction, Vd.. Ill 
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